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SECTION A

THE STUDY AND REPORT

1. This section traces the numerous expressions of Congression-
al interest in the upper Missouri River and their consolidation
into a single report. Administrative details concerning coordi-
nation with other entities, public participation and a biblio~
graphy of prior studies are also provided.

Purpose and Authority

2. The purpose of this study is to investigate a wide range of
water resources problems and opportunities all having in common

some link with the Missouri River. A number of outstanding, inter-
related Congressional actions affecting the river reach upstream
from Sioux City have been consolidated under this investigation.
Authority to combine five outstanding surveys is contained in Office,
Chief of Engineers' (OCE's) first indorsement to Missouri River
Division letter of 3 July 1972, subject: '"Consolidation of Survey
Investigations of the Metropolitan Region of Kansas City, the Platte

River in Nebraska, and the Missourl River from Sioux City to Fort
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Peck Lake," Authority to include a sixth survey of the Missouri
River is contained in OCE's letter of 10 September 1973, subject:
"Review Report on Water and Related Land Resources Development for
the Missouri River, Fort Peck Reservoir to Vicinity of Fort Benton,
Montana."”" Study of the Buford-Trenton Irrigation District and Vi-
cinity was added by OCE first indorsement to MRD letter of 31 March
1976, subject: '"Consolidation of Survey Investigations." Finally,
an OCE letter dated 23 March 1977, subject: '"Fort Randall Project,
South Dakota'", directed MRD to combine an outstanding survey in-~
vestigation on modification of operations at that project with this

report.

Study Authorizations

3. The authoritles under which this study is made are contained
in 15 Congressional resolutions and five items in River and Harbor
or Flood Control Acts. These 20 Congressional actions were adopted
or approved during the period from 1938 to 1970 and, collectively,
are concerned with navigation, bank erosion control, hydro-power,
flood control, recreation, fish and wildlife preservation, irri-
gation, pollution abatement, sediment control, and waterlogging.
The study authorizations of this investigation and the text of the
resolutions or excerpts from the public laws follow:

® Resolution adopted 18 February 1938. '"RESOLVED BY THE
COMMITTEE ON RIVERS AND HARBORS OF THE HOUSE OF REPRESENTATIVES,
That the Board of Engineers for Rivers and Harbors, created under
Section 3 of the River and Harbor Act, approved June 13, 1902, be,
and is hereby, requested to review the reports on the Missouri River
submitted in House Document numbered 238, 73rd Congress, 2d Session,
with a view of determining if it is advisable, in the interest of
navigation and for other purposes, to construct a lock and dam in
this river at or near Gavins Point, Yankton, South Dakota."

@ Resolution adopted 7 March 1939, "RESOLVED BY THE COMMITTEE
ON RIVERS AND HARBORS OF THE HOUSE OF REPRESENTATIVES, UNITED STATES,

That the Board of Engineers for Rivers and Harbors, created under
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Section 3 of the River and Harbor Act, approved June 13, 1902, be,
and is hereby, requested to review the reports on the Missouri River
submitted in House Document numbered 238, 73rd Congress, 2d Session,
and previous reporta, with a view to determining whether improvement
from Sioux City, Iowa, to the vieinity of Chamberlain, South Dakota,
in the intereat of navigation is advisable at this time,"

® Resolution adopted 18 July 1939, '"RESOLVED BY THE COMMITTEE
ON COMMERCE OF THE UNITED STATES SENATE, That the Board of Engineers
for Rivers and Harbors, created under Section 3 of the River and
Harbor Act, approved Junme 13, 1902, be, and is hereby, requested to
review the reports on the Missouri River submitted in House Document
numbered 238, 73rd Congress, 2d Seasion, and previous reports, with
a view to determining whether improvement for flood protection and
prevention of bank erosion on the main stem of the Missouri River
in Knox and Dixon County, Nebraska, is advisable at this time."

® Resolution adopted 2 August 1939. "RESOLVED BY THE COMMITTEE
ON FLOOD CONTROL OF THE HOUSE OF REPRESENTATIVES, UNITED STATES,
That the Board of Engineers for Rivers and Harbors, created under
Section 3 of the River and Harbor Act, approved June 13, 1902, be,
and is hereby, requeasted to review the reports on the Missouri River
contained in House Document numbered 238, 73rd Congress, 2d Sessionm,
with a view to determining what improvement of said river is advis-
able at thie time for flood protection and prevention of bank erosion
on the main etem of the river from Sioux City, lowa, to the point
above Niobrara, Nebraska, where the course of the Missouri River is
wholly within the State of South Dakota."

® Resolution adopted 19 January 1940, 'RESOLVED BY THE COM-
MITTEE ON RIVER AND HARBORS OF THE HOUSE OF REPRESENTATIVES, UNITED
STATES, That the Board of Engineers for Rivers and Harbors, created
under Section 3 of the River and Harbor Act, approved Jume 13, 1902,
be, and is hereby, requested to review the reports on the Missouri
River submitted in House Document numbered 238, 73rd Congress, 2d
Session, with a view to determining the desirability of improving

the river in South Dakota to make power available to develop
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deposits of manganese and other strategic minerals, and for pumping
and other uses."

® River and Harbor Act approved 2 March 1945, Public Law 14,
79th Congress, lst Session. '"SEC. 6. The Secretary of War is here-
by authorized and directed to cause preliminary examinations and
surveys to be made at the following-named localities:

Missouri River in South Dakota and North Dakota

Missouri River in Nebraska."

® River and BRarbor Act approved 24 July 1946, Public Law 525,
79th Congress, 2d Session., "SEC. 7. The Secretary of War is here~
by authorized and directed to cause preliminary examinations and
surveys tc be made at the following-named localities:

Gavina Point, on the Misscuri River, South Dakota

and Nebraska.'"

® Resolution adopted 18 January 1949. "RFSOLVED BY THE COM-
MITTEE ON PUBLIC WORKS OF THE UNITED STATES SENATE, That the Board
of Engineers for Rivers and Harbors, created under Section 3 of the
River and Harbor Act, approved June 13, 1902, be, and is hereby,
requested to review the report on the Missouri River, comntained in
House Document numbered 238, 73rd Congress, 2d Session, and subse-
quent reports, with a view to determining the advisability of pro-
viding flood control along the main stem of the Missouri River in
the reach upstream from Mandan, North Dakota, to a point just below
the existing Garrison Dam,"

® Resolution adopted 28 January 1955. '"RESOLVED BY THE COM-
MITTEE ON PUBLIC WORKS OF THE UNITED STATES SENATE, That the Board
of Engineers for Rivers and Harbors, created under Section 3 of the
River and Harbor Act, approved June 13, 1902, be, and is hereby,
fequeated to veview the report of the Chief of Engineers on the
Missourl River and Tributaries printed in House Document numbered
475, 78th Congress, 2d Session, and other reports, with a view to
determining methods of preventing loss of land and irrigation works
in the Buford-Trenton Irrigation District, North Dakota, resulting
from bank erosion along the Missouri River,
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® River and Harbor Act, approved 3 July 1958, Public Law 500,
85th Congress, 2d Session. "SEC. 112, The Secretary of the Army
is hereby authorized and directed to cause surveys to be made at
the following localities and subject to all applicable provisions
of Section 110 of the River and Harbor Act of 1950: Missouri River,
with a view to extending nine-foot navigation from Sioux City, Iowa,
to Gavine Point Dam, South Dakota -~ Nebraska.”

® Flood Control Act, approved 3 July 1958, Public Law 500,
85th Congress, 2d Session. '"SEC., 206, The Secretary of the Army
is hereby authorized and directed to cause surveys for flood control
and allied purposes ... to be made under the direction of the Chief
of Engineers, in drainage areas .... which include the following-
named localities .....

"Migsouri River Basin, South Dakota, with reference to utili-
zation of floodwaters stored in authorized reservoirs for purposes
of municipal and industrial use and maintenance of natural lake

levels o--o------"

® Resolution adopied 20 April 1959. "RESOLVED BY THE COMMITTEE
ON PUBLIC WORKS OF THE UNITED STATES SENATE, That the Beard of Engi~
neers for Rivers and Harbors, created under Section 3 of the River
and Harbor Act, approved June 13, 1902, be, and is hereby, requested
to review the reports on the Migsouri River and Tributaries, pub-
lished as House Document numbered 238, 73rd Congress, and other perti-
nent reports, with a view to determining the advisability of pro=-
viding bank stabilization works in that reach of the river between
Garrison Dam, North Dakota and Oahe Dam, South Dakota."

® Resolution adopted 2 February 196C. "RESOLVED BY THE COM-
MITTEE ON PUBLIC WORKS OF THE UNITED STATFS SENATE, That the Board
of Engineers for Rivers and Harbors, created under Section 3 of the
River and Harbor Act, approved June 13, 1902, be, and is hereby,
requested to review the report of the Chief of Engineers on the
Missouri River, published as Senate-Document 247, 78th Congress,
2d Session, with a view to determining the feasibility and advis-

ability of modifying the existing multiple-purpose dams to include
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provision of new facllities for navigation, including, but not
limited to, locks, marine railroads, and boat elevators."

® Resolution adopted 8 March 1960. "RESOIVED BY THE COMMITTEE
ON PUBLIC WORKS OF THE UNITEDL STATES SENATE, That the Board of
Engineers for Rivers and Harbors, created under Section 3 of the
River and Harbor Act, approved June 13, 1902, be, and is hereby,
requested to review the reporis of the Cnief of Engineers on the
Migsouri River and Tributarles, published a3 House Document numbered
238, 73rd Congress, and other pertinent reports, with a view to
determining whether any modification of the existing project is ad-
visable at this time, with particular reference to construction of
additional storage projecta in the basin above Fort Peck for the
purpose of flood control, hydroelectric powar development, conser-
vation, recreation, fish and wildlife propagation, pollution abate-
ment, and other related uses,"

® Resolution adopted 7 August 1962, '"RESOLVED BY THE COMMITTEE
ON PUBLIC WORKS OF THE UNITED STATES SENATE, That the Board of Engi-
neers for Rivers and Harbors, created under Section 3 of the Rivers
and Harbors Act of 1902, be, and is hereby, requested to review the
reports on the Missouri River and Tributaries, published as House
Document numbered 238, 73rd Congress, and other pertinent reports,
with a view to determining whether any modification of the recom-
mendations contained therein is advisable at this time, with parti-
cular reference to construction of additional storage projects on
the Missouri River in the reach between the Garrison and Fort Peck
Reservoirs for flood control, irrigation, navigation, hydroelectric
power development, recreation, fish and wildlife, conservation,
pollution abatement and other purposes, including related land
resources,"”

@ Resolution adopted 29 November 1966. '"'RESOLVED BY THE
COMMITTEE ON PUBLIC WORKS OF THE UNITED STATES SENATE, That the
Board of Engineers for Rivers and Harbors, created under Section 3
of the River and Harbor Act approved June 13, 1902, be, and is

hereby, requested to review the report of the Chief of Engineers on
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the Missouri River Basin, published as House Document numbered 475,
78th Congress, and other pertinent reports, with a view to deter-
mining the advisability of modifying the authorized Oahe Dam and
Reservoir, South Dakota and North Dakota, to provide subimpound-
ments within the reservoir area, in the interest of recreatiom,
fish and wildlife preservation, sedimentation control, and other
related water and land resources.”

® Resolution adopted 3 February 1967, "RESOLVED BY THE
COMMITTEE ON PUBLIC WORKS OF THE UNITED STATES SENATE, That the
Board of Engineers for Rivers and Harbors, created under Section 3
of the River and Harbor Act approved June 13, 1902, be, and is
hereby, requested to review the report of the Chief of Engineers
on the Missouri River Basin, published as House Document numbered
475, 78th Congress, and other pertinent reports, with a view to
determining the advisability of modifying the authorized Fort
Randall Dam and Lake Francis Case, South Dakota, to provide sub-
impoundments within the reservoir area, in the interest of recre-
ation, fish and wildii‘e preservation, sedimentation control, and
other related water and land resources.”

® Resolution adopted 25 November 1969. "RESOLVED BY THE
COMMITTEE ON PUBLIC WORKS OF THE UNITED STATES SENATE, That the
Board of Engineers for Rivers and Harbors, created under Section 3
of the River and Harbor Act approved Jume 13, 1902, be, and is
hereby, requested to review the report of the Chief of Engineers on
the Missouri River Basin, published as House Document numbered 475,
78th Congress, and other pertinent reports, with a view to deter-
mining the advisability of providing additional hydro~power at the
main stem reservoirs."

® Resolution adopted 2 June 1970, "RESOLVED BY THE COMMITTEE
ON PUBiIC WORKS OF THE UNITED STATES SENATE, That the Board of
Engineers for Rivers and Harbors, created under Section 3 of the
River and Harbor Act, approved June 13, 1902, be, and is hereby,
requested to review the report of the Chief of Engineers on the

Missouri River and Tributaries printed in House Document numbered
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475, 78th Congress, and other pertinent reports with a view to
determining whether any wodifications of the recommendations con-
tained therein are advigable zt this time with particular reference
to determining methods of resolving land use problems in the Buford-
Trenton Irrigation District and Vicinity, resulting from a high
water table."

® River and Harboir and ¥lood Control Act, approved 31 December
1970, Public Law 61%, 9ist Congress, 2d Session. '"SEC. 226, The
Secretary of the Army, acting through the Chief of Engineers, is
authorized and directed to review and study the operation of the
Fort Randall multiple~purpose project, South Daketa, with a view to
determining the advisability of modifying the project facilities
or the regulation of the impounded waters, or both, and report

thereon to the Congress.”

General Authorities

4. In addition to the specific study authorities, Congressional
actions of a broader, general nature also impact on this investi-
gation. These general authorities include:

® Section 122 of the 1970 River and Harbor and Flood Control
Act (PL 91-611).

® Section 216 of the 1970 River and Harbor and Flood Control
Act (PL 91-611),

Scope of Study

5. The studies have examined the feasibility of installing ad-

ditional generating units at the existing main stem dams; the
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opportunities and feasibility for new power developments adjacent
to the Missouri River; bank erosion problems and potential alter-
natives for problem resolution; waterlogging and sedimentation
problems and potential alternatives for problem resolution; recre-—
ation, fish and wildlife enhancement opportunities including legal
and institutional requirements for implementation; main stem system
operating plans in light of possible future water uses; and an up-
date of navigation potential upstream from Sioux City, Iowa. Studies
were extensive enough to permit plan selection, to determine eco-
nomic feasibility, and, with one exception, to respond fully to the
study authorities. Because of deferred plan elements, the selected
plan provides an interim response to the 1969 Senate Public Works
Committee resolution in regard to additional hydro-power.

Study Participants and Coordination

6. The Corps of Engineers had the principal responsibility for
conducting and coordinating the study, plan formulation, consoli-
dation of other agency information and preparing the report, ex-

cept for evaluation of the reach below CGavins Point for possible

designation as a component of the National Wild and Scenic Rivers
System (PL 90-542)., Responsibility for this study was shared

jointly with the Bureau of Outdoor Recreation.

7. Coordination with the following agencies was a part of the
atudy effort,

Missouri River Basin Commission

Bureau of Reclamation

Fish and Wildlife Service
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Bureau of (Gutdoor Recreation

Soil Conservarion Service

Federal Power Commisaion
Environmenia’ Procection Agency
Naticasi Purk Service

U, 8 Cesiogical Survey

Bureau i Indian Affairs

Bureaus of Land Management

Nebraska Gams and Parks Commission
8. D, Dept. of Gape, Fish & Parks
N, D, State Game & Fiah Department
Monrana Dept,. of Fish and Game

5. Z. Dept., of Natural Resource Development
North Dakota State Water Commission

Montana Dept., of Natural Res. & Conservation

8. The Bureau of Reciamarli:sn and the Federal Power Commission
provided informatio:n on electric power transmission costs and re~
quirements and capacity znd anergy costs and benefits, and the
certification of needs for senerating capacity., The Fish and Wild-
life Service together wiili countavpart offices in the four states
analyzed the probable eifects on fish and wildlife resources. Land
use information was received from County Agents in Montana, North

Dakota, Nebraska, and South Dakota.

9. Appropriate State Planning agencies served as information

clearinghouses during the course of the study.

10. Public meetings have heen held at various times concerning

the six separate survey Investigations the most recent of’ which
concerned the initiation of the additional hydre-power study in 1971.
After consclidation of the six surveys into a single Umbrella Study,
public meetings were helid at Bismarck, North Dakota, Great Falls,
Montana, Plerre and Yanktom, Scuth Dakota, 28, 29, 30 June and
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1 July 1976, respectively. In addition, two interim status reports
were widely distributed to the public.

The Report

11. This report has been arranged into a main report with three
appendices. The main report is a non~-technical presentation of

the feasibility study. It contains a description of the study area,
including existing improvements; curreant problems and opportunities;
formulation of a suitable plan; a summary of economic benefits,
costs, and justification; a designation of appropriate responsi-
bilities between Federal and non-Federal interests; and recommen-
dations for implementing the selected plan. Appendix l is a techni-
cal report following the same general outline written in greater
detail for the technical reviewer., Problems and their possible
solutions are presented in the same order as found in the main re-
port. Appendix 2 contains all pertinent correspondence, Appendix

3 contains reports from other agencies.

Prior Studies and Reports

12, Prior reports by the Corps of Engineers covering the reach of
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the Missouri River under consideration in this investigation date

back to 188l1. Table A-1 lists them and summarizes their conclusions,
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Repott

PRIOR REPORYS BY COLVS OF ENGINEERS

ON THE MINsubnl RLVER

Type

Rowatks

B Bw. Doc. 92, &6tk Cong., 34 Sems,

", Poc, ¥, $24 Coug., lst Sesr.

M, Buc. ¥4, 69rh Cong,, 14 Sess.

B, Boc. 238, 13d Cong., 3d bu

4. Doc. J14, 16tk Cong., iat Sess,

N Bug, 821, 76th Comg., M Sees.

B Bwe. 475, 70th Conyg,, 2d Sesd,

Investigation of Bank Ervozxion on
Mllezcuri Rivex ot Buford-
Trecton Ircig, Projece, Novth
Mukota.

Protactive Works fo tha Willisten
Azea of the Carrison Riservolr

Baview Espeft on Bank Stabili~
ation Sefard-Traatea Irrig,
BEat., Miosewri Mver, N, 0.

x 1
A=13

Table A-1
Date
Febr, 1881
Pez. 1910
Cct. 1926
Hax, 1933
Pec. 1938
Apr. 1940
Pac, 1943
Dec, 1551
bac, 1953
Aug. 1984

Freliminary repurt on nevipstion on
the Hissouri River,

RepoTt on b-fnot navigation channel,
Missouri River, Sfoux €lty to
Williston, Morih Dukota.

Frejiminaty examination tepovs,
Hissouri River, Kannas City, Kansam,

to Plerre, South Dakota,

Tha 308 report on axsminatfion wnd
avrvey of Hissourf River,

Re-pxamination report on navigation
channel, Hissouri River, Sioux City
to mouth,

Re-axsmination report with vespect
to flood control on Mimaouri River,
$foux City, Yows to Kansas City,
Missourt,

Savisw report eon flood control on
¥isuouri Mver f[rom Sloux City to
the mouth,

Reconnsissance report ou bank erosion
nasr pump intakea U/S from mouth of
VTallowstone oh Kisscurl Kiver laft
bank,

Responded to Sanate Report ou FY 1954
Appropriation Bill for protection to
Willisten, H.D., lewis & Clark Irrig.
Disc,, & Easx Borton of Muford-Trenton
Irrigation Dietrict.

Rasponded to 2R Jan, 55 resoloution
for dotersining mathods of praventing
Jand loss in Bulocrd-Treaton Irr. Pisk.
from bank sroslon,

Ko sprcific conclunions or recomsen-
datiens on Hisgourl River sbove Sloux
Cicy, Towa

Cenernlly unfavorable to improvemknt,
but snanping, Teck rewoval, amd limited

stalkilization vorks recomadmdind,

Channcl improvesants above Sieux City
eat justified.

Recom vnded completion of navigation
project below Sioux City snd con-
struction of Forr Peck Dam and Reser-
volr.

Reewnended 9-foet chanpel in lieu of
§—f[sot channel, $ubsequently author-
ized by River and Harbor .I_.et of 1945,

Recoarended fleod contrel project for
protecclon of riparian lands against
erosicn between Yenalars Bond,

Rebta-ka and Sfoux Cizy, lowa.

Racoouendad construction of 3 multipla-
purpose dams on Hissourl RKlver sbove
Sioux Clty, lowa.

Recomsended emecgency funds of 310,000
be allozated vnder Sec. 14 of 1746 FCA
1o construct weasyres to protect Buferd-

Trenton pumping plant.

Presented a plen of protective works
dun to Lake Sakshawea impacts & due fo
sedivent deposits in upper snd of the
Lake. PL 84-163 provided funds for
purthase fn }ieu of protection, of
Lewin & Clath Jrrigaticn Disrrler and
Kast Bottom. The Act wvas modified by
YL Bi-B4l & PL B3 & East Bokttom was
purchased In 1958,

Magativae rveport since PL 83=-38 ia 1937
suthorfzed purchase of East Bottom &
for rroteetlon of 1atake Sltwctwre of
Suford-Irenton pumplng plant & for
baak protection works adjacemt to Dist.
Protrctive vorks completed im 1961,




_Table A=l PRIOA REFUNTS LY CORPR OF | NGINEERS
ON THE HISKULRY RIVIR

(CONT* b}
®eport bate TY e Tenarks
Garvisaw baw 15 Osha Daw Rk 19611962 Roaponse to 20 April 1939 Tuklic In 1962, State of Korth Dakota requested *
Econtiens Btudy Works tosclution for determining deforral of study, wubsequently isolated
naasures fot raducing bank arosion 5 high value areas in need of protaction,
problems, - Diragt suthorization of protective
works by PL 88-25) on 30 Dec. 1963 and
seths conmtructed.
Hispowrl Mivar, Ft. Peck Roserwvoir Jun, 1963 Joint Survey by Arwy & Intariex on Recomwnended iligh Cow Creek & Ft, Benton
te Vicimity of Pt, Banton, Mont, Miswourl PRiver powst potentiasl above projects of 1020 wv o meat pover de-
Tort Peck, Hontaoa. mands, Plan mot supported by Montdna.
Mo action taken on report.
Mevisw Maporc, Missouri River, Apr. 1965 Survey repert on oevigation & bank Racommended extension of navigation
b, 5.P., #md NE, stabilization Irom Montana~Horth /S to Cavins Pr, Dam & Bank protsction
.Pakots Stateline to Sioux City, IA. wvorks in sama reach, Bac'y. of Arwy
Tetumed report in Apt, 1969,
Supplement el Report, Bank Frosion HMar, 1972  Supplemant to 1945 report prepared by Concluded best alternativa vould be
Froblema, Cavias Point Dam ~ Joint task force of Nehraska, South delected land scquisition and bank pro-
PMeux City, lova DaXota, Upiversitias, landowners, and tecrion wcasures in combinstion, Plan
BSYSW and C of E om bank erosion fingcluded in River & Harbors BL1l in
Ttdsurss, - 1972 but vetoed by Prasident Mixon,
Medification of Operation of Lake Oct, 1972 Reaponae to See. 226 FCA 1970 to limit The Coordimating Cowmittee adopted »
Prancte Casr:, South Dakota dravdown st Ft. Randall to reduce ad- compromisc optration linfting drawdowm
wersa snvironmental & acsthetic to 32,3 fe. ,Ielpt durisg droughes,

effects Lrom pormal 30-ft. drawdovn,
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SECTION B

THE STUDY AREA

1, Focus of this study is the narrow belt bounding the open-water
river reaches and impoundments, from the junctior of the Jefferson,
Madison, and Gallatin Rivers in southwest lontana where the Missouri
River is formed downstream to Sioux City, Towa. For analyzing
problems and opportunities associated with water and related land
resources those counties immediately adjacent to the River (and im-~
poundments) are identified as corridor ccunties, counties being the
smallest political wnit [or the compilation of present-day demo-
graphic, social, cultural and economic data. In analyzing future
trends these data are presented for larger aggregations of counties,
Water Resources Subareas, as designated by the U, S. Water Resources
Council, are the smallest unit for which prejections have been made.
Twelve of the 16 Water Resources Subareas in that portion of the
Missouri River Basin above Sioux City contain one or more corridor
counties. Therefore, much of the following discussion of the study
area (corridor counties) will touch on how this smaller area relates

to the larger drainage basin,
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Geography and Geology

2, Although the area of this study is rather sharply confined to
river and adjacent valley lands, some aspects must treat the full
hreadtii of those "corridor" counties immediately adjacent to the
river while others, to be meaningful must aldress the entire drain-

age area of the basin.

Locale

3. The Missouri River Basin, bounded by the northern and central
Rockies on the west, the Arkansas River Basin on the south, and the
Mississippi Riﬁer and Red River of the North on the east, also drains
the southern portions of Alberta and Saskatchewan in Canada. The
total drainage area is estimated to be 529,350 square miles (338,
784,000 acres) with less than two percent in Canada. The remaining
519,635 square mile area represents about 17,1 percent of the con-
terminous United States. The area above Sioux City, is almost
301,470 square miles, or about 57 percent of the Missouri River Basin.
The corridor counties represent about 17 percent of the Missouri

River Basin, The Basin and the portion included in this study are

shown on Plate B~1,
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Table B-1 LAND AREA IN THE CORRIDOR COUNTIES
AND THE UPPER MISSOURI BASIN AREA¥®
(5quare Miles)

Political Corridor Noncorridor Total
Subdivisions Counties Counties Area
MHontana 48,010(15) 72,420(31) 120,430
North Dakota 18,590¢11) 21,110(18) _ 39,700
South Dakota 18,186(18) 55,980(47) 74,160
Nebraska 2,860(4) 18,340(9) 21,200
Rest of Area L — 45,980 45,980
Total 87,640 213,83C 301,470

1/ Iowa 1,350 square miles; Minnesota 1,660 square miles and
Wyoning 42,960 square miles.

(xx) Number of counties

Source: U, S. Department of Comnerce, Bureau of Census

* Within Upper Missouri River Subareas

Physical Description

4, The Missouri River Basin drainape area above Sioux City is
mostly within the Interior P’lains physioyraphic division. GSome up-
stream tributaries originate in western Montana and northwestern
Wyoming in the Northern and Middle Rocky Mountain provinces of the
Rocky Mountain System division. Elevations range from over 14,000
feet above mean sea level (1,5.L.) to about 1,080 at Sioux City,
Iowa. In the mountainous area local placiation provides inter-
ruptions in the form of broad valleys. 'n south central Montana
and Wyoming mountain ranges such as the Big Horns reach inte the
adjacent plains and plateaus, teccasionally an isolated mountain
range appears, such as the Black Hills in western South Dakota and
eastern Wyoming. 1In the area perimeter 16 the mountains minor
tributaries have steep gradients and channels are "V'eshaped through

canyons,
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5. The Interior Plains Division includes the Great Plains and
Central Lowlands provinces, the latter occupying the James and liig
Sioux river basins 1in eastern North and South Daliota with relatively
flat to rolling topography. 0ld glacial Lake Dakota is occupied by
the central portion of the James River valley. Many small glacial
lakes are found in northeastern South Dakota. The Sioux Falls uplift,
quartzite, is prominent in southeastern South Dakota. Most of the
Great Plains occupy elevations from 2,000 to 3,000 feet. Tn central and
eastern Montana and western North and South Dakota, south of the
Missouri and Teton rivers is the unglaciated Missouri Plateau. This
is rugged country of eroded river valleys with '"badlands" type topo-
graphy and isolated buttes on extensive plateaus. To the north and
east is the glaciated Missouri Plateau with morainal hills. Along
the Niobrara drainage in the south, the topography varies from the
Pine Ridge escarpment to the northern edge of the Sand Hills of

Nebraska.

6. The Missouri River is formed in southwestern Montana by the
junction of the Jefferson, Madison, and Gallatin Rivers, each of
whiich heads in the high mountain area in or near Yellowstone National
Park. From its point of formation to the "Gates to the Mountains,"
a point named by Lewis and Clark and located about 30 miles upstream
from Great Falls, the river flows generally north through steep nar-—
row canyons broken by short reaches of relatively wide valleys, The
average f£all of the river in this reach is about six feet per mile
and its tributaries are generally short and steep. In this reach,
the river flows adjacent to the Helena National Forest and through
the Canyon Ferry Reservoir, a Bureau of Reclamation project for
power, irrigation, and flood control. It also flows through the
smaller reservoirs formed by the Hauser and Holter dams, both power

projects.

7. Upstream of Great Falls, in the transition area between the

Rocky Mountains and the Great Plains, the Missouri River changes
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character. It emerges from its canyon and enters into a relatively
wide foothill valley that gradually merges into the plains area.
Below Great Falls, the river lies in a narrow meandering valley
surrounded by high benches and prairies. The Sun River, from the

west, is the principal tributary.

8. The Missouri River between Morony Dam and Fort Peck Reservoir
ig 200 miles long, has a fall of 550 feet, and slopes three feet per
mile. The Teton and Marias Rivers from the north and the Judith
River from the south are the principal tributaries in this reach.
In addition, the Musselshell River flows from the south into Fort
Peck Reservoir. The river bottomland, 500 to 1,000 feet below the
average elevation of the adjacent upland, is comparatively narrow
and essentially undeveloped. In the entire reach, only about 5,500
acres of flood plain land are cultivated. Tributary drainage and
geological erosion have produced highly dissected, rough terrain,
resulting in spectacular, varied and highly scenic badlands and
breaks area ranging from two to 10 miles in width adjacent to both

sldes of the valley,

9. In the 190-mile reach between Fort Peck Dam and the headwaters
of Lake Sakakawea near the Montana-North Dakota state line, the
Missouri River drops about 180 feet in elevation. Here the valley
varies from one to four miles wide, averaging about two miles, and

is 200 to 700 feet below the upland area. The major tributaries are
the Miik River from the north just downstream of Fort Peck Dam and
the Yellowstone River from the south just upstream of Lake Sakakawea.
Main stem flows are well controlled by Fort Peck. Although the pro-
blem is less critical than in other reaches, some bank erosion and

shoaling occur,

10, From the headwaters of Lake Sakakawea to Gavins Point Dam, a
distance of 757 miles, the main stem reservoirs occupy more than 620
miles of the river valley. Open reaches of river exist between

Garrison and Lake Oahe (87 miles), between Oahe and Lake Sharpe
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(5 miles), and between Fort Randall and Lewis and Clark Lake (43

miles).
1. From Gavins 'oint Dam Lo Ponea, HE., a distance of about 59
mi ez, the Missouri Wiver is still in a semi-wild state.  River dis-

charges are regulated by the Gavins Point project and significant
flooding has been eliminated. Except for isolated reaches, banks
have not bheen stabilized and the river is free to meander over wide
limits. Bank erosion is continually active. The river has a slope
of about 1 foot per mile and the channel is from 1,200 feet to 5,000
feet wide, averaying 2,600 feet. Below Ponca, the river has been
stabilized 18 miles by the Sioux City to Kenslers Bend project; upstream,
the area between high banks has multiple channels, low islands,

sand bars, and bordering marsh with extensive willow growth. Some
areas along the river hank are cultivated, vhil: in others native
timber growth extends a short distance inland from the bank. The

major tributaries are the .Tanes, Vermillion, and Big Sioux rivers.

Flow Regimen

12, Wide variances in seasonal flow characterize the Missouri River.
The winter season is a period of low flows, From December to Febr-
uary, ice may cover the river as far south as Kinsas City, Missouri.

A typical spring rise begins in late March or early April with the
melting of plains snow cover. A rise which is enerally lower in
peak flow but greater in volume is usually experienced in June when
snowmelt from the higher plateaus and mountains may combine with
runoff from prolonged spring rainfall, This is the usual perind of
maximum flow in the upper basin tributaries whizh are fed primarily

by mountain snowmelt.

i3. Following the June rise, low flows usuall- prevail during the
late summer and early autumm, interrupted by rises caused by occasion-

al heavy rains.
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14, Annual runoff, like seasonal flow, fluctuates widely, At

Sioux City the yield has ranged from 37 million acre-feet in 1927

to 10.6 million acre-feet in 1931. Since the first year of annual
flow tabulation, 1898, the upper basin has experienced two protracted
droughts. The first, extending from 1930 through 1941, averaged

15.6 million acre-~feet per year at Sioux City. The second, running
from 1954 through 1961 averaged 18.3 million acre-feet annually,
These values are deficient by one-third and one-fourth, respectively,

compared to the long-term average of 24.7 million acre-feet,

15, In its natural state the Missouri River transported a sedi-
ment load increasing from an average of 25 million tons per year in
the vicinity of Fort Peck to 150 million tons per year at Yankton,
South Dakota. Since construction of the main stem dams, beginning
with the closure of Fort Peck in 1936, sediment entering the reser-
voirs has been trapped, with a consequent change in the historic

formation of accretion Yands which formerly offset erosion effects.

16, The historic flood, by which all others in the upper basin
are judped, occurred in 188i. A heavy snow blanketed the plains
area that spring. Huge ice gorges in the Dakotas accompanied the
spring thaw and the ice breakup. A crest of 18.5 feet above flood
stage was reached at Yankton, South Dakota, highest known on the
Missouri River. The flood produced a volume estimated to be over

40 million acre-feet at Sioux City, Iowa.

17. A flood in April 1952 on the Missouri River and most of its
tributary streams was of exceptional magnitude, again created by
heavy snow melt and compounded by ice jams. The flood flow was
500,000 cubic feet per second (cfs) at Bismarck, North Dakota and
480,000 cfs at Yankton, South Dakota. Stages set by the 1881 flood,

however, were not surpassed.

18. Runoff in 1975 from the drainage area controlled by the main
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stem reservoir system (i.c., upstream of Gavins Point Dam) exceeded
any nrevious year in a record extending bacl e 1498, althouph doun-
St ream at Sloux City the snnual volume in 1927 vas one wnillion acre-
feel preater,  On 1 iarch 1975 inflow to the main sten system was
slightly below normal, with the prospect that this trend would pre-
vail for the remainder of the year. However, bepinning in April,
there was a dramatic increase in runoff, particularly in Montana

and North Dakota, vhere late season snowfall in the mountains and
videspread torrential rains occurred, Runoff for the 'fay, June,
July period in 1975 was 20.6 million acre-feet compared to the pre-

vious maximum of 18.9 and an average of 11.3.

19. Regulation of this inflow resulted in nev storage records at
Tort Peck, Garrison and Oahe and record release rates canging from
35,000 at Fort Peck in the upper cnd of the systenm to 21,000 at
Gavins Point it the downstream end, Flooding associated with these
releases was rdnor with the exception of a lfl-nile reach upstrean
from the mouth of tha Iiabrara iver -~ about which more will be re-
ported in subsequent pages. Nuring the flood season 12 million acre-
fecet of flood flows were stored with reduction in peak flow of about
110,000 cfs in all the downstream river reaches except for an 80,000

cfs reduction below Fort Peck.

Climate

20. flimatic types range from Tlumid Continental Long-Summer in
southeastern South Dakota to tlighland type in the mountainous area

of western Montana, Humid Continental Short-Suamer Climate is found
in eastern Horth and South Dakcta, eastern tontans, ceatral and
eastern Wyoming. Western North and South Dakota and adjacent ilebras-

ka experience Middle Latitude Steppe Climatc.

21. Extremes in temperature are induced by alternating cold air
masses from the northwest and warm air masses from the pulf regien.
Seasonal and even daily temperature ranges are large. lIxcept in
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the mountains, temperatures sometimes exceed lOOOF in the summer
and fall below-zero during the winter months. Most of the year

daily temperatures may vary from 30 to 40 degrees.

22, Generally winds are from the south in the summer and from the
north and northwest in the winter. Maximum wind velocities range
from 45 to over 100 miles per hour, while average monthly velocities
range from seven to 13 miles per hour. liot dry winds occurring
during the spring and summer can cause crop damage and duststorms.
Blizzards can occur in the winter in most parts of the basin,

They menace human life, livestock, wildlife, private property, as

well as public services and transportation systems.

23, The most critical climatic factor is precipitation, since

the primary industry of the area is agriculture, The highest aver-
age annual precipitation occurs in the mountains, where amounts may
total over 40 inches including 100 inches or more of snow., Spring
and early summer snow melt and rainstorms fill the main stem reser-
volrs, providing water for irrigation, power, recreation, navigation,
and other purposes, The Great Plains portion of the basin is noted
for its relatively scanty and erratic precipitation. From the
southeast to the northwest the average annual amounts range from
about 25 inches to about 12 inches. Because most of the rainfall
occurs in the plains between May and early July, productive agri-
culture is possible. Occasional high intensity thunderstorms,
often with high winds and haill, cause severe crop damage. Winter
snowfall in the plains is generally light. The Great Plains have
low annual runoffs, generally less than one inch. In the eastern
part of the basin, the Central Lowlands, seasonal precipitation is
more evenly divided between winter snows and summer raimns. Annual
runoff generally i8 more than four inches. Storm rainfall is the

primary cause of flooding.
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Minerals

24, Exploitation of mineral deposits in the Missouri River basin
above Sioux City has historically played an important rele in the
settlement and development of particular areas. ILarly settlement of
the mountainous areas of western Montana and the Black ilills of

South Dakota was stimulated by the discovery of gold and silver,
Expanded production of lignite and coal began in the mid-1960's,
Additional thermal generating plants coupled withh the promised de~
velopment of gasification facilities will command sizeable quantities
of water resources in the coming decades. These most recent develop-
ments will lilely have tremendous socio—ecoromic impact on rural

communities in the North bakota - Montana - Wyoming crescent.

25, Metallic mineral deposits are associated with the mountainous
areas of western and central Montana and the Black Hills of South
Dakota and adjacent Wyoming. In addition tc the early development
of silver and gold, other base metals such as copper, lead, and zinc
were exploited, More recently, ferroalloys and minor minerals, such
as tungsten, vanadiuvm, chromium, beryiliom, 1ithium, and possibly

most important uranium and thorium have beer produced.

26, Virtually all counties in the region produce non-metallic
wminerals. Production is limited to sand, gravel and stone in the
eastern part of the basin. These minerals together with gypsum and
limesteone found in cther parts of the basin are closely associated
with various parts of the construction industry, TFertilizer in-
gredients such as phosphate, and potash are found chiefly in Montana
and Wyoming. Numercus minerals for chemical and other miscellaneous
uses, such as fluorspar, feldspar, mica, sait and bentonite, are

found primarily in the western portion of the basin.

27, As a group, mineral fuels represent the sreatest mineral re-

source now in production in the basin. While past production has
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been predominently oil and gas, future mineral fuel production will
likely be dominated by coal resources. 0il and gas production has
been primarily limited to the Montana, Wyoming and western North
Dakota portion of the upper Missourl River basin. Bituminous coal
areas are found in scattered sections of central Montana. Sub-
bituminous coal deposits are in north central and south central
portions of Montaina and north central and northeastern Wyoming.

The lignite coal area is nore nearly continuous, covering most of
eastern Montana and the western one~half of North Dakota with a
relatively small amount found in adjacent northwestern South Dakota.
An estimated 160 billion tons of recoverable coal or about 37 per=—

cent of the Nation's total known recoverable reserves are located

in this area.

Soils and Vegetation

28. Native soils in the basin are related to zones of climate and
vegetation, Most have developed under grass cover. The exception
is the mountain complex soils of the Rockies, the Black Hills and

adjacent areas where coniferous forests are the principal vegetation.

29, Brown soils are in the semi~arid short-grass plains of eastern
Montana and adjacent Wyoming. Desert and sierozem (light-gray) soils
occupy small areas in intermountain basins and high dry plateaus,
Chestnut (light-brown) soils occur where mixed tall and short-grass
is found in eastern Montana and Wyoming, western North and South
Dakota, and adjacent parts of Nebraska. Chernozem (dark-brown) soils
across eastern North and South Dakota and adjacent Nebraska developed
under tall and mixed grasses. ©Brunizem (black) and some gray-brown
podzolic soils occur in southeastern South Dakota, southwestern Min-
nesota, and adjacent parts of Iowa and Nebraska. Alluvial soils of

bottomlands and terraces occur in all zonal groups.
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Man and His Works

0.  The Missouri River has played a key role in man's journeys
and settlements across a heartland area making up a sixth of the 48
contiguous states, From prehistoric times until today, developing
patterns of comrunications, population, and commerce have felt the

river's influence.

Cultural Resources and History

31, The valley environment of a major stream such as the Missouri
is richly diverse with a population of many kinds of plants and ani-
mals. Stone age hunters and gatherer: were quick to exploit these
riches which vvere much more important to their survival than to sur-
vival of men in a mechanized era. Throughout the 12,000 year chro-
nology of known human occupaticn, the upper !Missouri valley has pro-
vided the necessities of food, water, cover and fuel and with the
convenience of a well landmarked traitway., Yach of Paleo~Tndian,
Archaic and Lote Prehistorie hnnting and gathering culture lnew and

usaed these resources, although the depree varied among cultures,

32, Physical evidence left behind by these early peonles furnishes
clues to their ways of life, /n accumulation of such :lues is terned
by archaeologists. For the reasons nentioned above, the
length of the Missouri trench zbounds in such :ites, representing
the ways of life of many different peoples across 12,000 vears of

time and 1,600 niles of linzar space.

33, By far, the best hnovm ard test underctond of these are the
Plains Yillage Tradition sites. Once occupied by ancestars of the
present—day Mundan, lidatsa, ard Arikara tvibes who may have settled
the villages ~s early as the 10th Century, A.D. these sites extend
roughly from the upper half of Lake Trancis Cane to above Lake Saka-
kawea. There are two major reasons for this knowledge: the re-
lative visibility ard impressiveness of these sites conpared to sites
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briefly occupied by nomads, i.e., hunters such as the plains tribes
who lived to the west of the Missouri, and the relative degrec of
study enabled by archaeological salvage programs connected with
main stem reservoir construction. A grent deal of study is still
needed, but at least workable basic chronology and taxonomy now

exist upon which to base further research.

34, A vast amount of useful data regarding the Plains Village
Tradition and the earlier inhabitants has been lost through in-
undation and lakeshore erosion., Limitations on time and funding
allowed identification and recovery of only a fraction of the pre-
historic data affected by construction ol the main stem reservoir
system, The relative scientific and historical value of those sites

and portions of sites still remaining is thus increased many-fold.

35. As a landmark, a concentration of useful resources, and a
useable —— if hazardous -- water highway, the Missouri drew the
earliest Furopean explorers to its length. French traders and ex-
plorers from Louisiana and from Canada were acquainted with portionms
of the Missouri almost 70 years prior to the Louisiana Purchase im
1803, After the Lewis and Clark Expedition of 1804-06, American
entrepreneurs quickly expanded the quest for furs and trade up the
Missouri River., By the time the first steamboat entered the Missouri
River (1819), keelboats and American traders were familiar visitors
on the Upper Missouri nearly every summer. In 1859 the steamer
"Chippewa'" successfully ascended the river as far as TFort Bencon.
Marked cultural change in Indian life wa:s accelcrated by these con-

tactsa wicth Huropeans.

36. Government-backed explorations and military expeditions con-
tinued through the first three—-quarters of the 19th century. At

Bannack, Montana, a rich gold strike was made in 1862. Subsequent
gold discoveries at Virginia City and Helena brought thousands of

prospectors. General Custer's expedition to the Black liills of
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South Dakota in 1874 and the attendant discovery of gold brought the
Black Hills Gold Rush of 1875-77., Homestake Gold Mine near Lead remains

the largest gold mine in the Nation.

37. After the Civil War, large cattle outfits began trailing herds
northward from Texas into the Creat Plains. FExpansion of white man
into the Indians' homeland, his subsequent destruction of the buffalo,
and his concept of "Manifest Destiny" brought the Indian wars of the
1860's and 1870's, and the conquest of the plains which was essen-

tially complete by 1878.

38. While statehood came to Iowa in 1846 and !finnesota in 1858,
most of the balance of the area west of the Missouri River lacked
definition until the Kansas-Nebraska Act of 1854 established the
Nebraska Territory., From this Act, the Dakota Territory, including
what today are the two Dakotas and parts of Montana and Wyoming,
came into beilng in 1861, Nebraska became a state in 1867, Montana

and the two Dakotas in 1889, followed by Wyoming; in 1890.

39. Many sites representing the period between the Louisiana Pur~
chase and the close of the 19th century have been destroyed by sub-
sequent acts of man. Their loss, like the loss of prehistoric sites
discussed earlier, adds to the importance of surviving remmants.
General awareness of this fact has resulted in the increasing em-—
phasis being given to historic and archaeological resources where
water resources might impact., Congressional interest is expressed
by Public Law 93-291 - Preservation of Historical and Archaeological
Data - wherein up to one percent of project funcs may be expended on

gurvey and preservation activities.

40, Settlement was greatly enhanced by two events, passage of the
llomewtead Act of 1862 and extension of railroads. The Homestead Act
provided title for up to 160 acres of land for a nominal fee to any
citizen of good character who would agree to live on the land and
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develop it for five years. Later acts and amendments did permit
limited claims of up to 640 acres by one person. Farms of 160 acres
or less were adequate where precipitation was sufficient. Frequent
droughts, a relatively short growing season, low annual precipi-
tation, increasing mechanization and capital requirements gradually
pushed the 160-acre farm into the southeastern part of the study

area, where today the averapge size farm is 275 acres or more,

41, Railroads entered eastern Dakota in the 1870's. Most major
lines east of the Missouri River were operating by the late 1880's:
the Northern Pacific reached Bismarck, North Dakota in 1873 and the
transcontinental connection through Montana was completed in 1833,
This was followed by the Great Northern Rallway. While railroads
entered the Black Hills in western South Dakota from Nebraska in
1885, it was not until 1907 that railroads crossed the Missouri
River and western South Dakota. A major impetus was large Federal
land grants which railroad companies were anxious to sell for con-
struction capital. Mining and forested areas in the western portion
of the basin offered traffic potential as did the growing need to

move agricultural products,

42. The uncertainty of harvesting a crop in the Great Plains
motivated a more comprehensive approach to the management of water
and related land resources in the basin. One of the first major
multiple~purpose water resource development projects authorized by
Congress in 1933 was the Fort Peck Dam and Reservoir, Investigation
and construction of Great Plains projects were authorized under the
Wheeler-Case Projects Act of 1933 and the Water Conservation and
Utilization Act of 1939, With the Interior and Agricultural depart-
ments operating together on small projects, the Bureau of Reclama-
tion and €orps of Engineers began planning for full-scale develop-
ment of water resources in the Missouri River Basin, which culminated
in a single plan approved by Congress in Section 9 of the Flood Con-

trol Act of December 22, 1944, known as the "Pick-Sloan Plan." The
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plan, with later modifications, provided for the construction of

316 scparate project units, with 112 dams containing a total stor-

age capacity of 107 million acre~feet, 4,3 nillion acres of irriga-
tion, 2.6 million kilowatts of hydroelectric generating capacity,

and a nine-foot navigation channel on the Missouri River below Sioux
City. Alse recognized were potentials for recreation and water supply
for municipal and industrial purposes. some of the plan elements

are yet to be completed,

Population

43, While the national population expanded about 35 nercent between
1950 and 1970 and the Missouri River 3asin population increased at a
slightly lesser rate, 21 percent, the Upper Missouri River area re-
mained rather stable, increasing less than four percent (from 1,615,000
in 1950 to 1,674,000 in 1970) as shown in Table B~2.

During 1950-60, the Upper Basin displayed modest growth, But declined
during the following decade. The corridor counties displayed sirmi-

lar growth patterns except for lMontana which experienced growth in

both decades.

44, The trend locally and nationally has heen toward greater urban
populations. “The Upper Basin area lagoed the "Husonri Tiver Nasin
and the Hation in this characteristic because of the predominance of
agriculture in the region. The corridor counties in Montana and
North Dakota exhibit a slightly higher percent of urbar population,
due primarily to the Great Falls Standard Mletropolitan Statistical
Area (S'I5A) and the Jorth Dakota citics of Wil iston and Bismarclh-

tandan,

45, Al or parts of 24 Indian Reservations are locnted in the
Mfissourt River Hasin. Seventecn, plue part of the Sisceron=Yahpaton
Reserva-ion, are ia the Upper fissouri River %asin ares as shoun in
Table 23, Nearly 99 percent of the Missouri Hiver Rasin Indian popu-
lation of 62,423 in 1973, lived on or near rescrvations in the Upper
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Basin area. O0f these, almost 50 percent reside in nine of the above

referenced reservations on or near the Missouri River above Sioux

City.
Table B-2 -~ POPULATION DISTRIBUTION*
1950-1970
Corridor
Total Counties Rural
Area Population Only Urban Nonfarm Farm
(1,000's) (Percent)
Upper Missouri 1950 1,615 478 32 (30) 31 (33) 37 (37)
Rivaer Basin 1960 1,719 518
(1) 1970 1,674 507 45 (45) 32 (33) 23 (22)
Montana 1950 405 178 41 (48) 32 (29) 27 (23)
1960 474 214
1970 472 220 55 (60) 30 (28) 15 (12)
North Dakota 1950 265 129 19 (26) 36 (33) 45 (41
1960 266 136
1970 245 130 35 (44) 35 (32) 30 (24)
South Dakota 1950 628 128 34 (18) 28 (38) 38 (44)
1960 657 129
1370 645 122 45 (31) 31 (40) 24 (29
Nebraska 1950 111 43 22 (0) 34 (41) 44 (59)
1960 103 39
1970 92 35 30 (0) 42 (52) 28 (48)
Missouri River 1950 7,063 49 23 28
Basin 1960 7,931 57 24 19
1970 8,550 64 22 14
United States 1950 151,300 64 21 15
1960 180,700 66 26 8
1370 204,900 73 22 5

(1) Includes portions of Iowa, Minnesota and Wyoming
(XX) Percent in Corridor counties

Source: U. S, Department of Commerce, Bureau of Census
* Within Upper Missouri River Subareas
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Table B-3 - INDIAN POPULATION - 1973
UPPER MISSOURI RIVER BASIN

Reservation or Location Total Lj Female On Reservation
(Percent)
Montana
2/
FORT PECK - 6,202 48,9 86.6
Other (Blackfeet, Crow, 16,775 50.1 92.4

Ft. Belknap, Northern
Cheyenne, Rocky Boy's)

North Dakota

FORT BERTHOLD 2,775 51.3 93,7
STANDING Rock 3/ 2,726 48.8 95.3
South Dakota 4/
CHEYENNE RIVER 4,335 3l.2 97.2
CROW CREEK 1,242 57.4 97.9
LOWER BRULE 702 52.3 96,2
ROSEBUD 7,538 50.4 98.6
STANDING ROCK 3/ 2,142 48.7 95.3
YANKTON 1,425 49,5 86. 1
Other (Flandreau, 11,761 50.0 75.6
Pine Ridge)
Nebraska
SANTEE 357 51.5 71.7
Wyoming
Wind River 4,538 52.5 85.6

1/ March 1973 Labor Force Report. 2/ Reservations in CAPS on
Missouri River, 3/ Part in ND & SD, 4/ Uot including Sisseton-
Wahpeton Res. Source: U,S, Dept, of Interior, Bur. of Indian Affairs,
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Communications

46, Both cultural and business communitiecs of the Upper Basin are
served by modern communication networi:s. lecause of the large geo-
sraphic size and relatively low population density, a slightly higlher
ratio of media outlets, (newspapers, radio and television stations)
exists per capita than nnst sections of the Nation. The Earth Me-
sources Observation Systems (EROS) Center is located near Sioux

Falls, South Dbakota,

Transportation

47. Facilities and services associated with transportation in the
upper portion of the Missouri River basin are parts of the preater
national network. They serve the economic and social demands of
people residing within the area. Hach of the various modes - air-
lines, highways, pipelines, railroads - play an important role in

development of the region.

48, The air transportation network »s a mixture of trunk routes
serving the major cities and feeder lines tying in the lesser com—
munities. Trunk line service is oriented generally on an east-west
basis, serving the Twin Cities, Denver, and west coast ecities. In
the western portion of the basin, trunk lines follow a north-south
orientation, flowing from Great Falls to Denver. As displayed in
Table B-4, the regional feeder service provides traffic movement both
east-west and north-south to trunk lines within the area. Recause

of the relatively great distances between communities within the area
and elsewhere, the service provided by airlines has been particularly

valued.
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Table B-4 = TRANSPORTATION NETWORK
SELECTED CITIES

Airlines Highways Pipelines Railroads
Montana
Billings T I C,P,N M
Bozeman * T I r,N X
Glasgow * X X I M
Glendive X I C,P N M
Great Falls * T 1 C,N X
tlavre X X N M
Helena * T 1 P X
Lewistown X X X
Miles City X i P,N M
Wolf Point * X X C,N M
Nebraska
Alliance X X H X
Chadron X X N X
North Dakota
Bismarck # T I C,N M
Dickinson I N M
Jamestown T I M
Williston * X X C,N M
South Dakota
Aberdeen X X N M
Brookings X I N X
Huron X X N,P X
Mitchell X I N,? X
Plerre * T X X
Rapid City T I P,N X
Sioux Falls T I PN X
Watertown X I P,N X
Yankton * X X P,N X
Wyoming
Cody £ X C,P X
Lander X X C,N X
Sheridan T I N,P X
Worland X X C,HN X

* Communities located in Corridor Counties
T= Trunk Airline Routes, X = Other
I= Interstate Highway System, ¥ = Other
M= Transcontinental Mainline Railroad, X = Other
Pipelines: C=Crude, R=Natural Gas, P=Petroleum Products
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49. Along with air transportation, the highway system has experi-
enced expansion and upgrading, Through the central portion of the
area most of the road network and all of the interstate highway
system is east-west, In the southeast portion of the multi-state
area and the western portion a north-south orientation of inter-
state and other highways is more prevalent., The role of the truck
is particularly important in the collection and nmovement of agri-
cultural products, complémenting rail traffic for the long distant
movement of bulk commodities. Use of the interstate system has ex-
panded, significantly improving the efficiency of long distance
truck movement, The modern highway svstem has also played an im-
portant part in the movement of tourist traffic to and through the

area.

50, Perhaps the most economical and dependable form of transpor-
tation is the pipeline. Commodities transported by pipeline in the
area include crude petroicum, petroleum products, and natural cas.,
Most of the directional crientation of pipelines is north-south,
except in western North Dakota and most of liontana. Central South
Dakota, from Rapid City east to the James River valley, has no pipe~
line service, nor does the James River basin west to Bismarck in
North Dakota. The crude lines extend from production areas in western
North Dakota, Montana, and Yyoming to refineries located near pro-
duction or in principal market areas. A feu petroleum product lines
extend into eastern South Dakota, acress “ontana into northwestern

North bakota, and from Wyoning into southern Montana.

51, The system of railroad routes was developed for the most part
during the settlement pariod of the late 19th century, hence the
general orientation on an east-vest basis, except in the casternmost
portion of the Dakotas. The industry has undergone a transition
from the major and almost sole carrier of goods and people to become
predominantly a carrier of bulk commodities. Most of the major mar-

ket areas in Montana, North Dakota, and northeastern South Dakota,
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are served by branch and interconnecting routes. Some growth in
traffic has been experienced and will likely continue to expand with
the increasced utilization of low-sulfur coa’s and lignite found in

the area,

52, Waterborne traffic is of less significance to this area of the
Missouri River basin, since the navigable portion of the River extends
only to Sioux City, Towa, the southeastern corner of the study area.
The main stem dams are, however, very important to the.nperation of
the navigable channel in the lower portion of the basin through the

regulation of flows,

Land Use

53, Approximate measures of land area are provided in the Census

of Agriculture shown in Table B-5. C(Changes in land areas from one
enumeration year to another can result from changes in political
boundaries, streams, lakes or construction of reservoirs, Changes

in corridor counties noted between 1949 and 1959 for North Dakota
resulted from filling of Lake Sakakawea above (arrison Dam; for

South Dakota and Hebraska from filling of Lewis and Clark and Francis
Case lakes behind Gavins Point and Fort Randall dams. Losses in land
area among the corridor counties in the later decade are largely due
to the filling of Lake Oahe in North Dakota and South Dakota and

Lake Sharpe bhehind Big Bend Dam in South Dakota. Somewhat minor
losses were also reported in the corridor counties due to erosion in
open~river reaches of the Missouri River. ‘“uring the period of
observation, corridor counties in North Daknta experienced a loss of
about 400,000 acres and South Dakota about 300,000 acres of land.

At the same time therg were some relatively larpe losses of land area
in non-corridor counties, such as Tiber Dam and reservoir in Toole

and Liberty counties, Montana.
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AGRICULTURAL LANDS

54, While there was less total land area over time, the amount
of land in farms was relatively stable, The reason only seven to
eight acres out of ten are In farms in Montana can be ascribed to
the mountalnous terrain and the amount of land in public ownership.
The public forest land is often leased for grazing, contributing
to agricultural productivity while classified as public lands,
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55, During the period cited farm numbers have declined signifi-
cantly while the size of Montana farms has increased in size by about
50 percent in the corridor counties; North Dakota's about 44 percent;

South Dakota's about 40 percent; and Nebraska's about 38 percent.

CROPPING PATTERNS

56, The amount of cropland harvested is always somewhat less than

planted due to ingufficient precipitation or other crop hazards,
Moreover, during the three decades analyzed, North and South Dakota
and Nebraska lost acreages in the corridor counties due to the main

stem projects.

57. As shown by Table B-6, wheat 1s the largest single crop acre-
age in the upper part of the study area, with small grains and hay
tied for second place, Moving south the importance of wheat steadily
declines while hay and corn increase. No pronounced trends over time
are evident except the conversion of Montana and North Dakota acres
from wheat to small grain., The dollar values of crops, and live-~

stock and poultry during the period are shewn on Table B-7.

INDIAN LAND OWNERSHIP AND USE
58. About 10.3 million acres of land - 6.2 percent of the Upper

Bagin - are lands in trust ownership or available for use and bene-

fit of Indians, according to statistical data made available by the
Bureau of Indian Affairs (U.S.D.I1.), dated 1973 displayed in Table

B-8. Nine of the 17 reservations in the area border on the main

stem of the Missouri River and these lands contain nearly 48 percent

of the total Indian lands in the area. Several of the reservation
areas and assoclated Indian lands were affected by taking of lands
{about 330,000 acres) for main stem dam construction, principally Fort
Berthold, Cheyenne River, Crow Creek, Lower Brule, Yankton, Rosebud and
Standing Rock reservations. Although the tribes and individuals were
compensated for the lands taken and assisted in resettlement, they felt

the bottomlands taken represented their best land not only as an
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Table B-7 - VALUE OF FARM PRODUCTS SOILD*
(millions of dollars}

Montana North Dakota South Dakota Nebraska

46.4) 83.4 (41.7) 114.8 ( 25.8) 26.3 (7.4)
59.7) 75,3 (28,9 78.1 ( 22.1) 24,4 ( B.7)
74.5) 168.7 (67.4) 200.6 ( 52.5) 36.4 (13.7)

Crops 1949 108.1
incl. ilay, 1953 152,8
Hursery 1969 180.8

Livestock 1949 141.7 ( 53.0) 74.2 (3r.2) 296.3 ( 73.5) 88.2 (35.8)
Poultry 1959 188.,9 ( 71.3) 112.5 (47.3) 417.5 (106.2) 135.7 (53.9)
1969 45,6 (120.1) 169.1 (72.7) 719.8 (182,0) 223.8 (85.0)

{xx) Corridor countiss
Source: U. 8. State Dept, of Commerce, Bureau of Census,

* Within Upper Misgouri River Subareas

agricultural base but also as a source for firewcod which many de-
pended upon for fuel. The Indians interest in the river and reser-
voirs remains for its potential for tourism and recreation develop-
ment and their unique claim to future water use under the Winter's

Doctrine, discussed elsewhere in this report.

59. Nearly 80 percent of the tribal, individual Indian, and Govern-
ment-owned land is used for grazing. About 70 percent of the grazing
land i{s used by Indians, the balance being leascd to non-Indians.
Other land uses in the Montana~Wyoming reservation areas include:
commercial timber, non-commercial timber, dry farmland, and irri~
gated land. In the Dakotas and Nebraska reservation areas such

other land uses Include non-commercial timber and dry farmland.
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Table B-8 — LANDS IN TRUST OWNERSIIP OR AVAILABLE®

FOR USE AND RBENEFIT OF INDIANS

Regservation or Leocation Total Indian Trust Ownership Government
Acres Tribal Individual Owned
Allotment
(Percent)
Montana
FORT PECK +/ 963,779 24.6 66. 4 9.0
(off Reservation) (8,715) (100.0)
Other (Blackfeet, Crow, 3,704,352 29.1 69.8 0.1
Northern Cheyenne, Ft,
Belknap, Rocky Boy's)
North Dakota
FORT BERTHOLD 420,882 11.7 88.2 0.04
{off Reservation) {2,560) (100.0)
STANDING Rock 2/ 297,890  28.3 70.4 1.3
South Dakota-zl
CIIEYENNE RIVER 1,410,346 65.1 34.6 0.3
(off Reservation) (5,448) (46.1) (53.9)
CROW CREEK 124,871 29.0 55.6 15.4
(off Reservation) (274) (52.6) (47.4)
LOWER BRULE 119,944 64.0 25.0 11.0
ROSEBUD 962,333 45,7 51.3 3.0
STANDING ROCK 2/ 546,635  43.7 55.1 1.2
Y ANKTON 34,057 23.6 76.4
Other (Flandreani/ 1,673,109 26,0 68.8 5.2
Pine Ridge) 5/
Nebraska
SANTEE 5,786 62.2 37.8
Wyoming
Wind River 2,907 100.0

1/ Reservations in CAPS on Missouri River. 2/ Part in ND and SD.

3/ Does not include Sisseton-Wahpeton Res.

5/ Includes 552 AC in NE,

4/ Includes school.

Source: USDI, Bureau of Indian Affairs.
* Within Upper Missouri River Subareas.
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PROJECTED AGRICULTURAL PRODUCTION

60, Earlier tables indicated the principal ecrops by harvested acres

and the value of farm products sold during selected census years for
corridor and non-corridor counties. Projected agricultural production
appearing in the OBERS (Series E) Supplement for Agricultural Pro-
jections (May 1975) do not provide comparable information. To obtain
a breakout of upper basin production, information from the MRB Frame-
work Study itemizes farm production on a current normalized basis. This
source reports the area as producing over two-thirds of the Basin
total for small grains (barley, oats, and rve), over 40 percent of
both hay and wheat, almost one~fourth of the corn silage, about omne-
sixth of the corn for grain, and among the lesser crops, 99 percent
of the flaxseed, one-third of the sugar beets, nearly 30 percent of
the dry beans, and over one~fifth of the potatoes. The OBERS pro~
jections indicate that by 2020 production of these crops for the
Missouri River Basin using the current normal index of 100 will
change as follows: small grains 153, hay 214, vheat 177, corn silage
189, corn grain 239, flaxseed 87, sugar beets 157, dry beans 106,

and potatoes 55. Since rhe upper basin's share is relatively high,
it is likely the area will play an important part in future pro-
duction of these crops. On the same basis as above for livestock

and livestock products current production in the area is ome~third
of the beef and veal, one-sixth of the pork, morc than one~half of
the lamb and mutton, one-seventh of the poultry, one~fourth of the
eggs, and one—sixth of the milk. Using a current index of 100,
projectlons for the entire Basin by 2020 indicate beef and veal 246,
pork 190, lamb and mutton 24, poultry 158, =2ggs 33, and milk 59.

61, Projections of the value of crop and livestock and livestock
products were made by OBERS-E for the 16 Water Resource Subareas
comprising the Missouri River Basin above Sioux City. Using 1969

as a basis equal to 100, the value of crop production in the area

is projected to increase to 198 by 1980, 256 by 2000, and 293 by 2020,
On the same basis value of livestock production is projected to
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102 by 1980, 134 by 2000, and 156 by 2020.

Economics

62, Historic levels of the labor force, employment and unemploy-
ment are based on Census reports. Special consideration is given

to the current situation regarding Indian populations of the area
since, as a group, they represent areas of substantial and chronic
unemployment and underemployment., Projected population, employment,
income, and earnings among various industrial groups to 2020 are

taken from OBERS-E data.

LABOR FORCE

63. The size of the civilian labor force is defined as those who
did any work for pay or profit during the survey week, or those who
worked 15 hours or more as unpaid workers in a family enterprise,
or all persons who were temporarily not at work for non-economic
reasons (illness, vacation, etec.). The labor force also includes
those who were unemployed but were actively seeking or available
for work. Effective January 1967 the minimum age for labor force

classification was raised from l4 to 16 years.

EMPLOYMENT AND UNEMPLOYMENT

64. Generally, population levels and trends are related to levels

and trends of employment. In the absence of employment opportunities,
the resident population tends to be mobile, moving to where employ-
ment i8 available., A resident population will support a portion of
the total employment opportunities to provide them with goods and
services. Employment within the various industries will be briefly
addressed later. Employment to population ratios, both in corridor
and non-corridor counties of the upper basin area have historically
been slightly lower than those for the Missouri River Region and

the Nation as shown in Table B-9. This can be attributed to limited
mobility of the labor force.
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Table B-9 - LABOR FORCE, EMPLOYMENT
AND UNEMPLOYMENT*

Labor Employment/ Unemployment
Force Emplovment Population Rate
(1,000's) (1,000's) (Parcent) (Percent)

Montana 1950 159.3 152.4 37.7 9.9

(70.2) (67.4) (37.9) (4.0

1960 175,1 165.2 34.9 5.7

(78.1) (73.7) (34.4) (5.6)

1970 178.8 169.3 35,8 5.3

(82.1) (77.4) (35.2) (5.7

North 1950 - 98.7 95.1 35.8 3.7

Dakota (48.8) (46.7) {36.3) (3.9)
1960 95.8 90,5 34.0 5.5

(49.2) (45.9) (33.8) (6.8)

1970 86.7 82.9 33.8 4.4

(46.8) (44.5) (34.4) (4.9

South 1950 239.9 233.4 37.1 2.7

Dakota (47.95) (46.8) (36.6) (2.4)
1960 239.9 230.2 35.0 4,0

{46.5) (44.6) (34.6) {(4.0)

1970 242 .0 233.0 34.5 3.7

(46.5) (44.9) (36,6) (3.4)

Nebraska 1950 40,8 39.9 35.9 2,2

{16.0) (15.7) (36.5) (1.6)

1960 38.0 37.1 36.0 2.4

(13.7) (13.5) (34.6) (1.7)

1970 33.4 32.7 35.7 2,1

(12,1) (12.0) (34.1) (1.4)
Missouri 1950 NA 2,682.2 38.4 NA
River 1960 NA 2,984.6 37.6 NA
Region 1970 NA 3,370.7 39.7 NA
United 1950 62,208 58,920 38.0 5.3
States 1960 69,628 65,778 37.0 5.5
1970 82,715 718,627 39.0 4.9

Nota: (xx) Corridor Counties
NA = Not Avallable
Sources: U. S. Dept. of Commerce Bureau of Census and U.S.
Dureau of Labor Statistics.
* Within Upper Missouri River Subareas.

Appendix 1
B-30



65, Trends or changes in employment have varied during the his-
toric years cited, 1950, 1960, and 1970. Like the region and the
Nation the Montana portion of the area has sustailned a growth trend
in employment; however, the rate of increase was less than one~
half of that for the region and about a third of the national in-
crease. The corridor countles increased at a slightly greater rate,
Horth Dakota experienced a continued downtrend in employment over
the three years, but corridor counties declined at a much lesser
rate, Employment in South Dakota declined from 1950 to 1960, and
then recovered to nearly the 1950 level by 1970. Employment in the
corridor counties recovered at only one~half the non~corridor rate.
Employment in Nebraska declined both in the corridor counties and

the remainder of the area.

66. Unemployment in the Montana and North Dakota areas were nearly
the same or slightly above the national average in 1950. In South
Dakota and Nebraska unemployment remained congiderably below the

national level,

SECTOR EMPLOYMENT
67. Employment is presented for nine major employment groups ex-

tracted from the 1970 Census reports, Table B~10, Trends toward

fewer, larger farms and ranches, improved technolegy and increased
production have resulted in dramatic reductions in agricultural
employment. In Montana where nearly two—thirds of the farmland is
in pasture and range and the average unit 1s nearly three times
larger than similar units in the study area, agricultural employment
has declined from nearly 30 percent in 1950 to about one-half that
share. Similarly, farm employment in the two Dakotas has declined
from 40-50 percent of the total employment to 21-26 percent. The
employment sectors displaying the greatest growth potential are

the services and government sectors, this is in consonance with

national trends.
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Table B-10 - EMPLOYMENT BY MAJOR
EMPLOYMENT GROUPS ~ 1070%*
(Percent)

Noncorridor Corrider United

Groups Counties Counti«s States
Apriculture, 21.5 20,6 3.7
Forestry,
Fisheries
Mining 2.3 0.8 0.8
Contract 5.5 6.6 5.8
Construction
Manufacturing 6.9 6.2 25,0
Transportation, 6.4 5.8 6.5
Communications,

Publie Utilities

Trade 22,0 21.2 19.6
Finances, 3.4 3.8 4.9
Insurance,

Real Estate

Services 27.1 28.1 25.9
Publie 4.9 6.9 7.8
Administration

Source: U, S, Dept, of Commerce, Bureau of Census
* Within Upper Missouri River Subareas

INDIAN LABOR FORCE

68, Of significant economlc and social cencern in the area is the

high level of unemployment and underemployment of reservation Indians
displayed in Table B~ll., In a March 1973 Labor Force Report by the
Bureau of Indian Affairs the participation rate, (percentage of popu-
lation in the labor force), was generally belov that for the non-
Indian population, but this was due in part to the large portion of
the total population under 16 years of age, nearly 50 percent,

While the B.I.A., offers job training and relocation services, many
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Table B-~1l - INDIAN LABOR FORCE AND EMPLOYMENT*
MARCH 1973

Population'l/ Number Employed

In Labor Force Unemp loyed
Regervation Male Female Male Female Male Female
(Percent) (Percent)
Montana
FORT PECK Ef 12.4 9,6 403 299 26.9 21.8
Other (Blackfeet, Crow, 34.8 22.2 1,773 1,276 39,0 31,5
Northern Cheyenne, Ft,.
Belknap, Rocky Boy's)
North Dakota
FORT BERTHOLD 18.4 15.8 409 204 10.6 24,9
STANDING ROCK </ 13.4  12.6 278 178 12.3 23.4
South Dakota ﬁj
CHEYENNE RIVER 17.8 9.8 529 354 20,2 6.0
CROW CREEK i8.6 13,3 68 53 41,1 28.3
LOWER BRULE 13.7 7.4 80 38 10.8 9,5
ROSEBUD 15.1 8.6 843 541 16.4 6.2
STANDING ROCK'E/ 13.4 12.6 218 141 12.4 23.4
YANKTON 23,2 13.5 42 39 55.1 28,4
Other (Pine Ridge, 32.3 i7.9 944 873 50.3 17.3
Flandreau)
Nebraska
SANTEE 15.1 18,2 44 16 8.4 41,2
Wyoming
Wind River 14,5 9.2 360 200 27.8 20.2

1/ March 1973 Labor Force Report., 2/ Reservations in CAPS on Missouri
River, 3/ Part in ND and SD. 4/ Not includinj Sisseton-Wahpeton Reser-
vation. Source: USDI, Bureau of Indian Affairs.

* Within Upper Missouri River Subareas
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of the reservation residents choose to remain in the area because

of cultural and/or family reasons, desplte n paucity of employment
opportunitiea. Unemployment rates at the time of the report ranged
from about 20 to nearly 85 percent among the nine reservations lo-

cated adjacent to the main stem projects.

PROJECTED POPULATION AND EMPLOYMENT
69, Projections of population, income, employment, and earnings
were taken from the 1972 OBERS Series E projections prepared for

the Water Resources Council, Data were available for Water Resources

Subareas and state portions of subareas as shown in Table B-12, It
1s considered that these rates are indicative of future trends inm

the corridor counties where site-gspecific data are unavailable.

EARNINGS

70. Because total earnings represent two-thirds to three-fourths
of total personal income, the projected trends in earnings follow
closely those of income., In the MRB and the Nation, total earnings
represent a slightly greater portion of total income through the
projection period, The measure of earnings per employee varies
between the state portions of the basin, the region, and the United
States due to employment mix and earnings levels among the differ-
ent industries. The near-term projections place the regional aver-
age at $12,200 and the national average at $13,200 in 1980, The
projected levels of earnings per employee for the MRB in 2020 are
$33,100 and the U, S. are $34,700.

71, Projected distribution of earnings by industrial group appears
in Tables B-13 and B~l4, During the period from 1980 to 2020 the
earnings are expected to increase about 2.2 times in Nebraska and 2.8
times in the remaining three states compared to 3.4 times in the

MRB and 3.6 times in the U, S. Only the agricultural sector dis-
plays a significant decline while the service and government sec-
tors increase somewhat,
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Table B-12 - PROJECTIONS OF POPULATION, INCOME,*
EMPLOYMENT, AND LARNINGS

North South

Montana  Dakota Dakota  Nebraska

Population 1980 455 229 637 a1

(1,000's) 2000 446 217 621 66

2020 449 207 618 59

Total Personal Income 1980 2,997 1,313 3,864 471

(millions of 1975 2000 5,106 2,228 6,628 676

dollars) 2020 8,577 3,642 11,003 1,008
Income Per Capita 1980 6.6 5.7 6.1 5.8
(1,000's of 1975 2000 11.5 10,3 10.7 10.2
dollars) 2020 19.1 17.6 17.8 17.2

Total Employment 1980 188 87 262 31

(1,000's) 2000 194 48 267 26

2020 195 33 263 23

Total Earnings 1980 2,292 938 2,904 323

{millions of 1975 2000 3,865 1,658 4,929 466

dollars) 2020 6,448 2,705 8,174 100
Earnings Per Employee 1980 12,2 11.3 11.1 10.6
(1,000's of 1975 2000 20,0 18.8 18.5 17.8
dollars) 2020 33,1 31,7 31.1 30,2

Source: 1972 OBERS Projections, Regional Lconomic Activity In The
U. S. (Series "E"), U, S. Water Resources Council, April
1974,

* Within Upper Missouri River Subareas
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Table B-13 ~ PERZENTACE DISTRIBUYTTON®

OF PROJECTED FARNTR
BY INDUSTRLAL GROUP

Hontana

Acriculture, Forestry, Fisheries

Mining

Contract Construction

Manufactiring

Transportation, Communications, Public Utilities
Trade (Wholesale - Retail)

Finance, Insurance, Real Estate

Services

Civilian Governument

Federal filitary

Totel

North Nalinorta

Agriculture, Torestry, Fisheries

Mining

Contract Construction

Manufacturing

Transportation, Communications, Public Utilities
Trade (Vholesale - Retail)

Finance, Insursnce, Real [istate

Services

Civilian Goverrnent

Federal 4ilitary

Tot:sl

* Within Upper Missouri River Subareas
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1930 2000 2020
16,0 11.1 8.4
1.2 1.0 0.8
5.5 3.7 5.3
7.3 6.8 6.3
8.5 7.6 7.1
17,0 16,6 16.0
8,5 5.2 5.5
16.0 19.5 22,0
20,4 23.4 25,6
3,72 3.1 3.0
wn,0  105,0 100,0
22,2 17,9  14.3
1.8 1.3 1.1
5.4 5.4 5.2
4.9 5.3 5.4
7.7 7.3 7.1
19.3 15.8 13.4
3.5 4.0 4.3
15.3 19.0 21.9
1%,n 20,2 21.5
0,9 7.8 .8
10¢,0 100,0 100.0



Table B-14 - PLRCENTAGE DISTRIBUTION*
OF PROJECTED TARNINGS

BY INDUSTRIAL GROUP

South Dakota

Agriculture, Forestry, Fisheries

Mining

Contract Construction

Manufacturing

Transportation, Communications, Publiec Utilities
Trade (Wholesale - Retail)

Finance, Insurance, Real Lstate

Services

Civilian Government

Federal Military

Total

Nebraska
Agriculture, Forestry, Fisheries
Mining
Contract Construction
Manufacturing

Transportation, Communications, Public Utilities
Trade (Wholesale - Retail)

Finance, Insurance, Real Lstate

Services

Clvilian Government

Federal Military

Total

* Within Upper Missouri River Subareas
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18, 20,
2 - 2 .
100, 100,
33.7 28.5
0.1 0.1
2.1 2.0
4.4 5.1
7.2 7.4
16.9 17.1
3.6 4.0
15.0 17.4
16,7 18.1
0.3 0.3
100,0 100.0
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Recreation Resources

72. The mailn stem reservoilr projects attract the vast majbrity of
recreationists on the Missouri River within the study reach. During
the 1967-1975 period, total average annual visitation at the six main
stem lakes was 8.2 million., As a comparison of passing interest, the
total population of the four states containing or bordering these

projects 1s less than 3.5 millien.

SCORP FINDINGS
73. Recreation demand estimates reported in Statewide Comprehensive

Outdoor Recreation Plans (SCORP), although general in scope, are use-
ful in forming broad evaluations. From these plans it is apparent
that:

® A significant but quantitatively undeterminable level of
recreational use is made of all open river reaches and related re-
sources. Floating and fish-and-wildlife-oriented recreation appear
to be the primary activities in all reaches except below Gavins Point
Dam where other activities, ecpecially powerboating between Ponca
State Park and Sioux City, Iowa, predominate.

® Relatively low population density throughout the reach above
Sioux City markedly restricts current recreational demand levels.

® Most riparian land is privately owned, a factor which dis-

courages full accommodation of demand.

SPONSORSHIP

74.  Accommodation of recreation demands at the lake projects is
generally adequate at the present time, and with the exception of
improved access, no major facilities expansion is needed in the im-
mediate future. Certain minor developments such as additional
launching points are desirable but are contingent upon non-Federal
sponsorship to provide at least one-half of the development cost

and assume all of the operation, maintenance, and replacement responsi-
bility. This reluctance by potential sponsors of recreation develop-
ment to dedicate funds for expenditure on Federal lands, or to make
long~term management commitments is presently deterring expansion
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of facllities and could some day result in overuse of existing de~
velopments; however, there is no evidence that this is a signifi-

cant problem at the present level of demand.

MONTANA

75.  About 5 percent of Montana respondents to the 1971-72 survey
reported in the SCORP preferred to recreate at intensively developed
areas, The remaining 95 percent preferred a natural, outstanding,
primitive, general, or historical and cultural setting for their
outdoor recreation activities. About 25 percent preferred the
"General Outdoor Recreation" category as typified by most State Parks

and developed areas at Corps lake projects,

76,  Among the SCORP recommendations for Federal action germane to
this report are "..,, Make available the recreation opportunities
inherent in the large multi-purpose projects." and to "devise exem—
plary policies and standards" in the recreation field. A frequently
cited opportunity for improvement is the almost total absence of

all-weather access roads to recreation areas on the lake proper.

77. Fﬁrt Peck Lake features nine major recreation developments,
three of which are State Parks. Annual visitation has increased
from 256,000 in 1964 to over 700,000 in 1975, The 1971-75 average
annual visitation was approximately 660,000. Approximately 40 per-
cent of this visitation is at the Downstream and Dredge Cuts areas.

NORTH DAKOTA
78, SCORP surveys in North Dakota also revealed popular demand for

outdoor recreation. Although the types of areas preferred were not

investigated, reports on preferred activities mentioned picmicking,

fishing, hunting, boating, camping, visiting historical areas, and
snowmobiling. None of the recommendations for Federal action sig-
nificant to Lake Sakakawea contained in the 1975 North Dakota SCORP

appear to require formulation in this report because development of
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the additional recreation desired can be provided under exlsting

authority when and where local sponsors are willing to cost-share,

19. Lake Sakakawea is wholly contained within North Dakota., There
are 28 developed recreation areas at Lake Sakakawea, including two
State Parks. Average annual visitation for 1971-75 has been 1,129,000,
About 15 percent of the total annual visitation 1s recorded at the
downstream areas. All-weather access is available to most major re-
creation areas at this project, however, some improvements are needed,

particularly at the Little Missouri recreation area,

SOUTH DAKOTA

8o, In South Dakota, recreationists generally express preferences
similar to those discussed in the previous two states. As one pro-
ceeds downstream, however, to the vicinity of Sioux City and the in-
creasing influence of the Omgha SMSA, the population density increases,
The additional recreation demand exerted by the greater population,
results in a lesser per capita cpportunity available on private lands.

This, in turn, has led residents of the area to be more tolerant of
increased user density in preferred recreation areas. Intensive
study should reveal significant changes in both resident recreation
demand and need along the Missourl River downstream from the vicinicy

of Fort Randall Dam as compared to the upstream area.

81. Four main stem lakes are located at least partly in South Dakota,
Lake Oahe lies partly in North Dakota, and Lewis and Clark Lake
divides its shores between South Dakota and Nebraska. Lakes Sharpe
and Francis Case are wholly within South Dakota.
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Developed Average Percent
Recreation Visitation Visitation at

Lake Areas 1971=-75 Downstream Areas
Oahe 26 1,913,000 12 - 16
Sharpe 15 732,000 30 - 40
Francis Case 17 1,403,000 17 - 20
Lewis and Clark 25 2,993,000 50 - 70

82. The South Dakota SCORP recommendation for Federal action of
particular interest to this study is that "Management plans for
Federal areas should provide special consideration for wilderness

areas, primitive areas and natural areas."

83, lakes Oahe and Francis Case were well known for trophy sized
Northern Pike fishing in the past and this activity attracted sig-
nificant numbers of out—of-State visitors, When normal operating
pool levels were attained, however, less pike reproduction occurred
resulting in a significant decline of the population. At present,
the most attractive fishery at Fort Randall is in the taillrace,
drawing fishermen from as far as Omaha for the spring runs of Sauger
and Walleye., Walleye fishing in Lake Oaghe and the Oahe tailwater is
also popular with the project visitor.

NEBRASKA

84, The principal recommendation for Federal action in the Nebraska
SCORP which relates to this study is "To acquire and manage for
public enjoyment only those additional resources that are truly
national in importance, uniqueness, or scope ..... Or such resources
which are interstate in character; or which provide identifiable

recreation opportunities associated with multiple-purpose projects ,.."

TOURIST TRAFFIC

85. Non-resident recreation demand has decreased markedly at Lakes

Oahe and Francis Case in concert with the decline in populations of
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trophy sized Northern Pike. At the present time, the bulk of non-
resident vacatlion traffic at these lakes consists of transient campers
near interstate highways. Most of these travelers are enroute to

or returning from traditional vacation areas including the Black
Hills, Rocky Mountains, and the western National Parks and Monuments,
While non-resident vacation traffic is a significant factor in the
economy of each of the States containing or bordering the Missouri
River above Sicux City, the river and its resources do not contri-

bute to this economy in highly significant ways at the present time.

The Main Stem Reservoir System

86, The six Missouri River main stem dams are located along a
thousand-mile stretch of river extending from Yankton, South Dakota
to Glasgow, Montana., An embankment volume of 125 million cubie
yards makes Fort Peck the second largest earthen dam in the world,
Oahe follows as number three. At the base of the flood control pools
the lakes behind these six dams offer a million acres of flat water;

at full pool, they total 755 miles in length.

87. Spillway discharge capabilities range from 275,000 to 827,000

cfs. Each project produces hydro-power, with plant capacities rang=-

ing from 100,000 kw to 595,000 kw for a total of 2,048,000 kw. An-
nual generation averages more than 9 billion kilowatt hours, Total
flood damages prevented by the system through 1975 exceed $1,400,000,000
in 1975 dollars. Over 8 million recreation days are accumulated by

the projects each year., Immediately downstream of the study area a
730-mile navigation channel moves traffic which in the 1976 season

amounted to just over three million tons.

OPERATING ZONES

88, The reserveoirs contain an aggregate storage space of 74,625,000

acre~feet, more than three times the average annual flow of the
Migsouri River at the lowermost dam. Functionally, the main stemn
reservoirs and powerplants operate as a hydraulically and electrically
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integrated system. All reservoilrs except Lake Sharpe and Lake Lewis
and Clark have the storage divided into four zones, as listed in

Table B-15 and described below,

89, Exclusive Flood Control Zone - The top zone of 4,720,000 acre-
feet, 6 percent of the total storage, 1s reserved exclusively for
flood control. Impoundments in this zone are evacuated as soon as
dovnstream conditions permit, in the interest of having space avail-

able to control future floods, should they occur.

90. The Annual Flood Control and Multiple-Use Zone which lies be~
low the Exclusive Flood Control Zome contains 11,710,000 acre-feet,
16 percent of the total storage space., Reservolr regulation criteria
are designed to empty this zone by 1 March of each year. The zone

is then filled te the extent inflows permit or flood control con-
siderations require in the March to July high-water season, and then
drawn down for multiple purposes during the low-flow season which

extends from late summer through winter,

91. The Carryover Multiple-Use Zone of 39,700,000 acre~feet, 53
percent of the total storage, provides a reserve of multiple-use
storage for serving navigation, power, irrigation, and other

functions during prolonged low-flow periods of several years' duratiom.
in event of a recurrence of an extended drought period such as the
1930's, it would be necessary to empty this storage zone to main-

tain service to all functions.

92, The Inactive Zone provides an assured minimum pool level for
power, irrigation pump diversions, recreation, fish and wildlife
purposes, and provides storage capacity for sediment accumulation.

It contains 18,495,000 acre~feet, 25 percent of the total.

REGULATION CRITERIA & FUNCTIONAL OPERATION

93, In the planning for, and the operation of, the main stem
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reservoirs, the general criteria and procedures have been:

® To maintain adequate reservolr gtorage space available for
flood control on the Missouri River,

® To provide water for irrigation, municipal and industrial use.

® To make releases from the lower end of the main stem system
to supply the varying seascnal requirements of navigation and water
quality éontrol, thereby providing adequate water levels for muni-
cipal water intakes as well,

® To generate electrical energy as required to meet gystem
loads, consistent with the other primary functions of flood control,
irrigation, and navigation,

® To incorporate special operations responsive to requirements

of fish and wildlife and recreation insofar as practical.

FLOOD CONTROL

94. Flood control operations of the main stem reservoirs are aimed

at controlling floods on reaches of the Missourli River between reser-
voirs, and minimizing flood damages from Gavins Point Dam downstream

to the mouth of the Missouri River. The main stem reservoirs are

operated in conjunction with many tributary reservoirs and the lower

river levees and local protection systems for comtrol of floods on

the Missourl River,

IRRIGATION

95. Service to major Federal irrigation projects now under con-
struction is expected to begin early in the next decade. The
principal functions of the main stem reservoirs will be to provide
water from storage during periods of deficient flows, to reduce
diversion pumping heads, and to provide flow regulation to offset
the depleting effects of upstream tributary irrigation projects on
the water supply available for lower river use, Operating goals

of the reservoir system will consist principally in maintaining ade-
quate pool levels and river flow rates to supply the irrigation

pumping stations during the growing season.
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NAVIGATION

96, Operation of the main stem reservolr system for navigation
involves releasing water from the lowermost reservoirs of the system
at sufficient rates for maintenance of adequate channel depths in
the 730-mile open~channel, Missouri River navigation project between
Sioux City and the mouth of the Missouri during the navigation sea-
son., Ice conditions normally limit navigation releases to an 8-month
gseason, from late March to late November, In future years, some re-
duction in length of navigation seasons will be necessary after a
series of critically low flow yvears. Substantially lower releases
are made during the non-navigation season to maintain satisfactory
water quality in the river and to provide winter power generating

levels compatible with the summer production rate,

POWER
97. Generation of electrical energy calls for close coordination
between the Corps of Engineera' employees who operate the main stem
system and the Bureau of Reclamation marketers and, dispatchers of

the Basin's Federally-produced power. Releases are rarely made with
power as the sole consideration; flood control, navigation, recre-
ation, and fish and wildlife receive ongoing consideration. By law
the Bureau gives preference in the sale of power to public bodies

and cooperatives; commonly there is a substantial remainder for sale
to private utilities after preference needs have been met, In ad-
dition, off-peak power is purchased whenever necessary to conserve
hydre resources for use during peak load periods, thereby reducing
oil and gas consumption throughout the marketing area. Transmission
lines from the six power plants tie into a nationwide interconnection
which links over 90 percent of the 48~state electrical capacity.

Full gate discharge through the power plants ranges from 15,000 cfs
at Fort Peck to 103,000 cfs at Big Bend. Except for Gavins Point,
these ratings are sufficient to accommodate nearly all release re-
quirements. Over the years, less than two percent of project re-
leases have been "spills" - flows which by-passed the power turbines
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because of insufficient capacity.

98, Drouth period rule curves for the main stem system are de-~
slgned to deplete the 40 million acre~feet of multiple-use storage
during a repetition of the most critical perlod of record -~ the
12~year sequence from 1930 through 1941. One characteristic of
these curves is curtaiiment of downstream releases as upstream de~-
pletions grow; the result is a quite uniform draft on storage re-

gardless of the depletion level.

99, Since the "drouth of the '30's8" has a recurrence interval

many times the life of the main stem projects, its full impact is
considered too severe a test by which to determine dependable capa-
city. This concept was detailed in a 1953 publication of the
Missouri Basin Interagency Committee, entitled "Power Requirements
and Supply, Missouri River Region." Having noted the severity of

a l2-year drouth, the report continues, "therefore, to reflect ad-
verse conditions, it is zonsidered reasonable to select the gener-
ation that might be expected at the end of the 4th year (1933) of
such a drouth. A 4-year period is sufficiently long to permit step-
ping up scheduled steam capacity so as to substitute for hydro capa-
city during any continuance of the drouth period.," The 1958 Main
Stem Reservoir Cost Allocation and subsequent payout studies and

marketing analyses have conformed to this concept.

100, Winter peak lcads have historically been higher than summer
peaks in the Bureau's marketing area and capability on December 31,
1933 was used as a measure of dependable capacity. This load area,
in common with most others, 1s shifting to a summer peak. August
31, 1933 has become the measure of dependable capacity for future

planning and is so uéed in this report.

WATER QUALITY

101. Water quality throughout the main stem System is generally
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excellent, In some Instances the reservoirs tend to improve down~
stream water quality, Measured differences between reservoir inflows
and releases indicate that processes within the reservoirs such as
absorption, adsorption, volatization, dilution and plant or animal
uptake may reduce the concentration of some undesirable components

to acceptable levels. Table B~16 shows the measured values at the
g8ix main stem lakes for those parameters which have fallen below
existing state limits or water quality criteria proposed by the EPA,
Several of these values are point sources and are not to be taken

as indicators of general water quality throughout the lake.

102. Water quality is in part a reflection of the drainage basin,
Parameters such as mercury, alkalinity, pH and sulfates which oc~
casionally exceed water quality limits are associated with the
Misaouri River drainage and common to much of the main stem system
as indicated in Table B-16. Little can be done to alleviate these

exceedences of natural origin.

103. Turbidity levels of water releases from all of the main stem
dams, except Fort Peck, often exceed existing water quality standards.
The nature of the material causing the turbidity is usually organic
and is probably produced in the lakee although this has not been
verified in most instances. The existing turbidity levels have not
caused any problems in downstream areas and may be heneficial to

planktivorous fishes as a food source.

104, Water temperature exceedences have occurred in three main

stem areas: Fort Peck, Oahe and Lake Sharpe. It should be mentioned
that these are rare occurrences. Water released downstream comes
from deep in the reservoir and is normally well below the existing

maximum temperature limits,

105. Phosphorus is another parameter that is sometimes in exceed-
ence of existing water quality criteria for most of the main stem
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Table B-16 - WATER QUALITY PARAMETERS

WHICH EXCLED PROPOSED OR EXTSTING STATE
FOR LAKES AND LAKE

RELEASYS

STAHDARDS

1975
RELBASES LAKES
State Proposed Createst State Proposed Most Criticai
Standard Criteria Heasured Standard {riteria Heasured
Parameter lLimit Limit {oncentration Lintt Limit Concentration
FORT PECK = FORT PECK LAKE
pH, Standard Units 8.3 8.7 B.3 8.7
Alkalinity, mg/1 130 191 130 187
Total Phosphorus, mg/l 0.025 0.06
Mercury, wg/l 0.2 13.0 0.2 14,0
Selenium, ug/l 10 10 40
Water Temperaturc, F 67 76
Ammonia, mg/l 0.5 0.16 i.8
GARRISON DAM — LAKE SAKARAWEA
pH, Standard Units 8.5 8.3 8.7 4.5 B.3 B.9
Alkalinity, mp/l 130 171 130 324
Turbidity, JTU 10 25 10 4600
Dissolved solids, my/l 500 500 536 500 500 565
Mercury, ug/l 0.2 8
Dissolved Oxygen, mg/l 5 4.8
Ammontia, mg/l n.12 0.24
Total Fhosphorus, mp/l 0.1 0.7
Sulfate, mg/l 250 375
Clarity, Secchi pisk, Pt,. [ 3
OAlllE DAT « LAKLE DAL
Water Temperature ,OF b4 0 ] 15
pH, Standard Units 8.3 8.3 8.7 8,3 8.3 8.7
Turbidity, JTU 10 25 10 63
Alkalinity, mg/l 130 168 130 168
Total Phosphorus, mg/l 0.025 0.06 Q.1 0.025 0.84
Mercury, ug/l 0,2 15 0.2 4
Ammonia, mg/l 0.15 0,29
BIG DEND — LAKE SHARPE
pll, 5tandard Units 8.3 8.3 8.7 8.3 3.3 B.7
Mercury, ug/l 0.2 5
Sulfates, mp/l 250 274
Water Temperature, F 65 80
Turbidity, JTU 10 5
FORT RANDALL DANM - LAKE FRANCIS CASI
pli, Stuancdard Units 8.3 8.3 8.7 4.3 8.3 8.7
Alkalinity, mg/l 130 201 130 201
Total Phosphorus, mg/l 0.025 0,06 0,025 0.06
Sulfates, mgfl 250 257 250 260
Mercury, ug/l 0.2 3 0,2 1.2
Turbidity, JTU 54) 240
Iron, ng/l 1.2 0.3 t.11
Manganecse, mg/l 0.05 0.2
GAVINS POINT DA = LEUIS AND CLARK LAKL
pH, Standard Units 8.3 8.3 8.7 3.1 5.3 8.7
Alkalinity, mg/l 130 186 130 186
Turbidity, JTU 50 84 hi) 84
Sulfate, mg/l 250 256 250 256
Mercury, ug/l n,? 3
Tatal Phosphorus, my/l 0.025 0.33 0.025 0,09
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system. The source has not been documented, however, phosphorus

levels have caused no reported problems in downstream areas,

166. Many of the exlsting exceedences of water quality criteria
are extremely localized and are commonly assoclated with some local
influence or point source. For instance, several exceedences are
associated with the White River delta such as turbidity, iron and
manganese. These pollutants are apparently picked up in the White
River drainage and subsequently deposited in Lake Francis Case.
These problems are quite localized and cause no problems either to

the lake or the system as a whole.

RELEASES FOR DOWNSTREAM WATER QUALITY
107, Downstream flow requirements established by the Federal Water

Pollution Contrel Administration in 1969 were re-affirmed by the

Environmental Protection Agency in 1974, after consideration of:

(1) the current status of PL 92-500 programs for managing both point
and non-point waste sources discharging into the river and (2) the
satisfactory adherence to the 5.0 ppm dissolved oxygen requirement

of federally-approved water quality standards.

108. The values tabulated below take no account of Total Dissolved

Solids (TDS) input originating from non-point sources,

MINIMUM DAILY FLOW REQUIREMENTS FOR ADEQUATE DISSOLVED OXYGEN
IN CUBIC FEET PER SECOND

June
Decenber July
Metropolitan January March August October
Area February April May September November
Sioux City 1,800 1,350 1,800 3,000 1,350
Omaha 4,500 3,375 4,500 7,500 3,375
Kansas City 5,400 4,050 5,400 9,000 4,050

At Kansas City these values average 6,000 cfs on a yearly basis, a
value which becomes important as a limit to ultimate depletions,
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discussed at length later in this report,

WATER SUPPLY
109. Yumerous water intakes are located along the Missourl River

within and below the system of reservoirs. These intakes are pri-
marily for the purposes of municipal water supplies, thermal electric
plant cocling purposes, and for irrigation supplies withdrawn directly
from the Missouri River, Over the past years, problems have been
assoclated with several of these intakes; however, the problems have
been a matter of intake access to the water rather than insufficient

water to supply requirements.

110, The minimum daily flow requirements established for water
quality control could create operational problems at the municipal
water supply intake at Yankton, South Dakota and municipal and
electric plant intakes at numerous other locations along the Missouri
River below the regervoir system. Similar to problems which have
been experienced within the system, this is a matter of intake ele-
vations or access to the available water supply. Evaluations are
continuing by the Environmental Protection Agency in coordination
with water plan operators and appropriate state agencies to deter-
mine the minimum stage and flow required for satisfactory operation

at each intake.

RECREATION

11i. During the past decade visitations at the six reservoirs have
grown from five million in 1966 to 8~1/2 million in 1975. Growth

was steady during the first eight years, reaching a peak of 9.4
million in 1973, The decline since that time has come at Lake Sharpe
and Lake Oahe, down by one-fourth, and at Lake Sakakawea, down by
one~gixth. At least a portion of this decline may be attributed to
asgsertion by Indian tribes of jurisdiction over certain project

lands and control of public access to them. This dispute, in common

with the question of Indian water rights described in a later sectionm,
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is the subject of ongoing study and consultation with State authorities;

and no recommended actions are contained in this report.

FISH AND WILDLIFE
112, Fish production and development in and below these projects are

directly affected by reservoir levels and releases, particularly dur-
ing the reproduction period., The Federal and State fish and wildlife
agencies recognize that it 1s not possible to operate each reservoir
each year for optimum fish management and have indicated rhat success-
ful reproduction of a fish species one year out of four or five is
adequate to maintain the fishery resource in a specific reserveir.
Therefore, one or more reservoirs may be selected each year for em-
phasis in the enhancement of fish managément. To the extent that in-
flows and regulation requirements for other purposes permit, the se-

lected projects are regulated to improve the fishery resource.

113. State fishery personnel want conditions suitable for the spawn-
ing of northern pike to be provided in all of the main stem reser-
voirs at appropriate intervals. This involves raising the reservoir
levels to inundate shore line vegetation early in the spring, and
regulating at or above these levels through spawning season. In

Lake Sharpe, Lake Francis Case and Lewis and Clark lakes this can
frequently be accomplished with little disruption of other project
purposes. Provision of desirable levels of Lake Qahe for spawning
activities will usually require the accumulation of a plains snow
cover during the winter months, and moderate early spring runoff from
the melting of this snow cover, if other system functions are not to
be adversely affected. The normal distribution of inflows into PFort
Peck Lake and Lake Sakakawesz, together with high winter releases for
power generation, causes a winter drawdown at these reservoirs.
Spring inflow is generally too late to raise the reservoir levels
above the vegetation line before the northern pike spawn. The major
adverse effect upon power generation necessary for development of
northern pike spawning habitat in these reservoirs has precluded
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operation of these two upstream projects for pike spawning,

114, Another area of increasing concern to fisheries interests is
the propagation of forage fish upon which game fish speciea depend.
Since many forage fish spawn later in the season than northern pike,
a stationary or rising pool level extending through June is desir-
able, Such an operation is usually compatible with normal oper-
ation at Fort Peck and Garrison, and can often be accommodated with
relative ease during years of high water supply at Oahe and Fort
Randall. During years of deficient supply or abnormal distribution
of the supply, such an operation would not be posaible at one or more

of the main stem projects.

115, Federal wildlife management oun main stem reservoirs centers

on the Charles M., Russell Wildlife Range, Audubon, and Pocasse
National Wildlife Refuges established on Fort Peck, Lake Sakakawea
and Lake Cahe. In addition, there are many acres managed by State
agencies. Under this intensive management, wildlife production has
been substantial. Large numbers of migrating waterfowl use the
reservoirs in the fall until time of freeze-up. Canada geese and
mallards winter on the open water below dams, at nearby refuge areas,

and on open river reaches between Yankton and Sioux City,

Environmental Setting

116, A conventional treatment of the environmental setting would
be to present in this section conditions as they now exist, with
analysis in a separate and subsequent section of future conditions
to be expected in the absence of any proposed Federal actions. The
difficulty posed by this approach lies in the dynamic nature of the
Missouri itself. Throughout time the river has continued to work
upon its bed and its valley, building here, tearing down there.
Change continues to be its motif, but since comatruction of the
maln stem reservoirs, the very nature of the changes has changed.

To 1llustrate the present state of flux, comparisons with the future
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are necessary. Consequently, this section will discuss not only the
exlsting situation but also the near future conditions under such

categories as physical setting, vegetation, etc.

117. Also essential to any such discussion 1s some perspective re-
garding the significance to the environment of the changes now oper-
ating. It 18 an easy and seemingly direct effort, for example, to
develop a numerical tabulation showing average yearly acreages lost
to variocus reaches of the river. So stated, the change might seem
insignificantly small, The factors weighing against this conclusion
are two—-fold. First, the effects are cumulative, this year's loss,
however small, 1s added to last year's in an irreversible process.
Second, 1s the non-existence of an "average annual loss" as a physi-
cal reality. Based upon the concept of average annual losses, one
might calculate that it would take 500 years or more to accomplish
the loss of all the crop and woodland in an open river reach. In
actuality, this tranaformation will result in the loss of one small
increment of irreplacable habitat, at times unique and significant,
to the gain of one small increment of aquatic or semi-aquatic habi-

tat.

LAND AND WATER
118, Continuous bank stabilization on the Missourl River ends at

Ponca, Nebraska, river mile 753, From this point to the upper end
of the study area, the river channel, in large measure, is free to
meander about the flood plain. A notable exception 1s the reach
from Garrison Dam to Lake Oahe, where bank protection works author-
ized by Congress in 1963 have been completed in seven areas and are
under construction in four more. Their total extent will be 30
miles, Along the uncontrolled reaches, the area between the high
banks is occupled by normal river channel, sand bars, marsh areas
and islands. Except for the area above Fort Peck, flooding over
the tops of the high banks has been virtually eliminated by
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reservoir regulation. Flooding beyond the normal river channel to
inundate substantial areas of the bars occurs only in occasional

years,

119. With the exception of rather infrequent rock sills or "controls"
the river channel lies in a sandy bed, Since closure of the main
stem dams, this channel has experlenced continuing degradation, i.,e.,

lowering of the bed, in the 10 to 15 mile reach below each dam,

120, As the normal river channel degrades, it also meanders between
high banks. It is split into multiple channels by sand bars and
islands. In a continuation of typical alluvial channel processes,
material eroded from the high banks and from sand bars at one lo-
cation 1s deposited to build new bars downstream. Ag a result of
the on-going erosion and bar building processes, the location of

the normal flow channel is not static. Over the years valley lands
adjacent to high banks are converted to river channel, sand bars,

or marshes. Islands give way to the channel, and main channels

fill in or become inactive chutes while secondary channels open up

to become main channels.

121, Studies based upon comparison of aerial photographs taken over
intervals of twenty to thirty years indicate the following losses
of flood plain lands from Fort Peck Dam to the lower end of the

study area,

Miles of Estimated Future Losses
River Reach Open River Acres/Year Acres/Mile/Year
Fort Peck to Garrison 190 130 0.7
Garrison to Qahe 83 75 0.9
Oahe to Big Bend 5 2 0.4
Big Bend to Fort Randall 0 - -
Fort Randall to Niobrara 36 30 0.8
Gavina Point to Ponca 58 200 3.4

122, Sand bars lie 10 to 15 feet below the tops of the high banks.
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Bar surfaces range from bare sand, to areas vegetated by annuals and
seedling willows and cottonwoods, to a more mature vegetative suce
cessional stand. The successional stage depends on the elevation of
the bar above the normal range of water levels and how recently the
bar was deposited, All bar areas between high banks are potentially
subject to being destroyed by the shifting channel, only to be re-
placed by new deposition-created bars at other locations. This pro~
cess will eliminate existing vegetation and the successional cycle

will begin again.

123, 1Islands, by contrast, are areés about as high as the high
banks, but separated from the high banks by river channels and in-
active chutes, High bank erosion on the islands is a continuing
process. In the absence of stabilization measures aimed specifi-
cally at their protection, the remaining island areas will ultimately

be lost, to be replaced by sand bars, marshes and water.

124, 1In the case of the valley lands, too, the processes of high
bank ercsion and land bullding are not in balance. In the river
prior to the construction and operation of the reservoirs, there was
balance over the years between the destruction of the valley lands
by erosion of the high banks and the building of new valley lands by
sediment deposited during floods, Operation of the reservoir system
has eliminated both the floods and the sediment deposition that were
esgential for the flood plain land building process. On the other
hand, the erosion of high banks continues, although at a reduced
rate. Consequently, erosion of the high banks results in a perma-
nent net loss of high flood plain lands that will never be replaced
in the valley as was the situation in the era before the reservoirs.
High valley lands are being converted to sand bar areas and the width
between high banks continues to widen. This process, unless halted,
will eventually transform the present river into a wide area of sand
bars and channels, occupying most of the width between bluffs with,
however, little alteration in the overall dimensions of the existing
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river channel.

125. The levels in the Misscurl River today are highly regulated
by the main stem reservoirs. Although widely varying flows are re-
celved from major right-bank tributaries —~ the Yellowstone, Little
Missouri, Knife, Heart, Cannonball, Grand, Moreau, Cheyenne, Bad,
White, and Niobrara - only the Knife, which enters the Missouri 72
miles above the Oahe headwaters, affects more than a dozen miles
of open river, The result is that the major fluctuations of the
pre~-reservolr era, the huge flood peaks and the occasionally,
nearly dry streambed, are absorbed by the reservoirs, and fluctu-

ations observable today have in large measure been created by man.

126, The effects of this regulation upon the river flows are of

two sorts: the short-term hourly fluctuation assoclated with oper-
ation of the hydro-power plants in meeting their daily loads, and
long~term monthly and seasonal changes in flow level to accommodate
multiple-purpose operating objectives. The short-term effects are
limited in space as well as in time., While river stages immediately
below Fort Peck may fluctuate as much as six feet in a day, distance
has dampened the fluctuation to one foot 30 miles downstream, Com~
parable values at Garrison and Fort Randall are 1l feet reducing

to three feet.

127. Prior to construction of the reservoirs, the typical regime
along the Missouri was a low level of flow during the winter, in-
creasing with the melt of plains snow in March and April, mountain
snow in May and June and occasional widespread rains in the early
summer. This peak season was followed by a decline during the hot,
dry late summer and fall, to another winter low. Regulation of

the lower four reservoirs to meet the requirements of flood con-
trol and navigation conform, in general, to this pattern with
releases during the navigation season (mid~March to mid-November)

running at least double the non-navigation rates of 6,000 to 15,000 cfs.
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To help balance power generation, Fort Peck and Garrison are now
operated with winter flows averaging nearly as large aas, or even
larger than summer flows, depending upon the water supply. Typi-
cally, the stage variations associated with seasonal regulation

range from 5 to 10 feet.

128. Another change at work on the river is a continuing growth in
depletions, a long-term reduction in average flow, The rate and the
limit of this growth will assuredly be influenced by Federal and

State action and by action of the Indian Tribes, as wéll as private
individuals. The subject is discussed at some length in Section C of
this report where, among other consequences of flow reduction, probable

effects upon the environmental setting are projected.

VEGETATION

129, The entire area of the Missouri River drainage basin 1ies in

a temperate grassland biome. Most of the basin falls in the mid-
grass prairie region with dominant native vegetative species such as
western wheatgrass, green needlegrass, side oats. grama, needle-and-
thread grass, and June grass. The remainder is located in the tall
grass prairie dominated by big bluestem, Indian grass, switch grass,
little bluestem, and sandreedgrass. The western portion of the study
reach is in the short-grass prairie originally dominated by buffalo
grass and blue grama. These regional variants are not homogeneous
vegetation belts, but rather all three variants are mosaics of all

three prairie types..

130, Zonal soils with average slope in the region of Fort Peck are
dominated by western wheatgrass, blue grama, and needle-and-thread
grass, Other important components are blue bunch wheatgrass, little
bluestem, pasture sagebrush, threadleaved sedge, match brush, June
grass, blazing star, plains muhly, sandburg bluegrass, sand dropseed,
and green needlegrass, This is more xeTrlec vegetative unit than that
found to the east around Lake Sakakawea. West of Fort Peck where
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more soll moisture is available in breaks due to edaphic and/or
topographic factors, grassland gives way to trees. The dominant
species of this community outlying from the Rocky Mountains are nine
bark, ponderosa pine, quaking aspen, rocky mountain juniper, big

sagebrush, and bluebunch wheatgrass,

131, Southwest of the Fort Peck area is a plant community of medium
dense to open forests of low to medium tall evergreen trees with
fairly open ground cover of grasses, The dominant specles in the
area 1s pondercsa pine., Other components are western wheatgrass,
blue grama, and needle-and-thread grass, The same species that

are dominant in the grassland along the Missouri River above and
below Fort Peck, along the Yellowstone River, and along the Missouri
River tributaries in the region are present in the northern flood
Plain forest community., The dominant tree species of this flood
plain forest community are cottonwood, black willow, and American
elm, Many of the species found lower down the valley do not appear
this far north and there are fewer total species in this upper reach,
Other important species (along the length of the Missouri) are box
elder, virgin's bower, American ash, green ash, Virginia creeper,
poison ivy, peachleaved willow, sandbar willow, and greenbriar.

Along the middle and lower river reaches below Fort Peck where the
soils are not heavy clays, the forest extends up into the Missouri
River breaks. In these extensions the more xeric tree species such
a8 green ash and American elm have greater coverage values while
species like cottonwood, the seeds of which germinate and start along

the shores of ponds or lakes, are almost completely eliminated.

132, From above the Lake Sakakawea area down past Lake Oahe and
Pierre, South Dakota, to the viainity of Chamberlain, South Dakota,
zonal solls of average slope are dominated by western wheatgrass,
blue grama, needle-and-thread grass, and green needlegrass., Other
important components are slender wheatgrass, pussytoes, pasture

sagebrush, white sage, white aster, purple-cone-flower, sedge, June
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grass, bluebells, Indian ricegrass, beard tongue, little bluestem,
silky wormwood, blazing star, silver-leaved scurf pea, goldenrod, and
porcupine grass. There are, of course, wide variations in this large

area. Much of this area has been greatly disturbed by man,

133, Between Garrison Dam and the headwaters of Lake Oahe, there

are some portions of the Missouri River which are still in a natural
state, The flood plain forest overstory in this region is composed

of six dominant, deciduous species: cottonwood, peach-leaved willow,
green ash, box elder, American elm, and bur cak. Important undergrowth
species include various woody vines such as climbing bittersweet,
western virgin's bower, wild grape, poison ivy and Virginia creeper.
Also comprising the understory are different herbs and forbs like
Kentucky bluegrass, false Solomon's seal, fringed loosestrife, western

wild rose, and various sedges.

134, Along the upper portion of Lake Oahe, downstream of Bismarck,
North Dakota, the uplands are dominated by a mosaic of herbaceous
and low-growing shrubby vegetation of the steppe and shrub-ateppe
type. Steppe vegetation is dominated primarily by grasses though
in places throughout the vegetative mosalc the dominance shifts to
forbs and shrubs. There are several dominant grasses of the upland
ecosystems, Western wheatgrass and green needlegrass are dominant
over much of the area., Needle-and~thread grass, and sandreed grass
are abundant on lighter scils, and little bluestem occurs on the
steep, wore highly eroded hillsides, Other grasses that occur in
this community are side oats grama, sand dropseed, and three awn.
Viewing the landscape more broadly, a mocsaic of vegetative types
responding to topography, exposure, and soils can be seen., The shrub
snowberry often forms clones several yards across. This steppe
vegetation 18 a diverse stable community which has evolved over
thousanda of years and, given freedom from excessive disturbance,
continues to perpetuate itself, Shrub-steppe vegetation is that
dominated by shrubs with an undergrowth of herbaceous specles. It
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occurs primarily on the west side of the lake and is dominated by
silver sage with many of the same herbaceocus species occurring under

the silver sage that occur on the east side of the lake,

135. From Chamberlain to Yankton, South Dakota, big bluesten,
western wheatgrass, and porcupine grass are the domlnant native
gragsland species. Other component species are much the same as

above Chamberlain. This is a dense, medium tall to tall grassland,

136. From Yankton, South Dakota to Sioux City, lowa, the grassland
is a tall-grass prairie with a dense vegetatiom of tall grasses and
many forbs. This is a radically different community dominated by
big bluestem, little bluestem, switch grass, and Indian grass,

137. Several species of grasses found established throughout the
project reach are introduced for agriculture purposes, especially
grazing. These grasses include creeping foxtail, tall wheatgrass,
smooth bromegrass, crested wheatgrass, intermediate wheatgrass,

Kentucky bluegrass, and Canada bluegrass.

138, Cultivated crops are alsoc an important part of the existing
vegetative getting. Major crops grown in the main stem region in-
clude alfalfa, corn, wheat, barley, and soybeans, Croplands com~
prise from half to three-fourths of the land use on the flood plain,

with the higher proportions found in the lower reaches.

139, There are no threatened or endangered species of plants found
along the main stem reach that are listed in the "Report on Endangered
and Threatened Plant Species of the United States” compiled by the
Secretary of the Smithsonian Institution, 1975.

140. The continuing process of conversion from high bank and island
to low bank and channel will be an acreage reduction primarily in

crop and woodlands. As previously noted, cropland constitutes at
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least half of the flood plain land use, although a band often

several hundred feet wide immediately adjacent to the river contains

a higher proportion of woods than cropland. For each acre of flood
plain lost, then, a quarter to a half an acre of woodland and three-
quarters to half an acre of cropland will be supplanted by sand bar
and marsh areas exhibiting various successional stages. These stages
will range from rushes, sedges and cattails to willows and seedling
cottonwoods. The proximity of sand bar and other low bank lands to
permanent ground water, is expected to inhibit growth of cottonwoods
to maturity and possibly beyond the sapling stage. The more xeric
adopted flood plain trees and perennial grasses and forba will also

be constrained from growing on these bars and low lands, A relatively
minor amount of savannah and grassland will undergo similar conversion.

FISH

-l—l:.— The following paragraphs discuss the fish fauna and the popu-—
lation trends of the Missouri River reach between Three Forks,
Montana, and Sioux City, Iowa. No attempt has been made to explain
the distribution and the presence or absence of various species which

may represent isolated populatiocns or sampling artifacts.

142, Several fishes are mentioned in this report which are not
‘residents of the Missouri River. However, they do inhabit various
tributaries and hence may be found in the river although this would

represent an accidental situation as opposed to a natural situation,

143. Many fish species are found along the entire main stem reach

of the Missouri River. These species are: shovelnose sturgeon,
paddlefish, northern pike, goldeye, European carp, flathead chub,
fathead minnow, blue sucker, bigmouth buffalo, smallmouth buffalo,
river carpsucker, white sucker, black bullhead, channel catfish,
stonecat, burbot, black crappie, walleye, sauger, freshwater drum,
emerald shiner, longnose dace, brassy minnow, silvery minnow, northern
redhorse, largemouth bass, pumpkin-seed, bluegill, yellow perch and
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white crappie. Many of these species have been introduced thus
giving them a distribution through the entire system, One other
species which should be included in this list is the pallid sturgeon
which has been recommended for inclusion on the endangered specles

list.

144, A number of other specles are mentioned in the literature as
occurring in the Missouri River dralnage, however, these have not

been reported in the Missouri River itself.

145, Upstream from Fort Peck the previously listed species can be
found with the addition of the American grayling which is found in
some of the Missouri headwaters and thus may very rarely be found
in the Missouri River. A number of other species may be found in
the Fort Peck area, these are: mountain sucker, brook trout, coho,

and kokanee salmon all but the first of which have been introduced.

146. Fort Peck Lake has a fishery composed of both game and rough
fish. Several warm water species have been introduced into the Fort
Peck lake area such as largemouth bass, bluegill and others. During
1973 a lack of suitable water levels resulted in little or no
northern pike reproduction. This type of problem is also common to
other main stem reservoirs. Since 1973 northern pike, walleye and
sauger population appear to be increasing. In general, population
of goldeye, freshwater drum, northern redhorse, smallmouth buffalo
and emerald shiner have been increasing based upon current young-
of-the-year seine surveys., Lake trout are apparently having their
best year and natural reproduction is occurring. Coho and kokanee,
both intreduced, are dropping out as an important part of the Fort
Peck lake fishery. Perch, crapple and river carpsucker reproduction
also appear to have decreased during 1973. No information on the
status of the paddlefish is currently available except that they
appear seasonally at Intake, Montana on the Yellowstone River and

more recently at the mouth of the Tongue River, apparently in
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sufficient numbers and age composition to presuppose viable popu-
lations. Paddlefish are also taken frequently in the dredge cuts
below Fort Peck Dam; whether reproduction ocecurs in the Missouri

River between Fort Peck and Lake Sakakawea is unknown,

147, A number of other species first appear in the Fort Peck region
but are also found in one or more of the downstream reaches; these
species are: rainbow trout, brown trout, lake chub, longnose sucker,

Iowa darter and the brook stickleback.

148. The quillback carpsucker and pearl dace are reported only in
the Garrison area., A number of species not found in the Fort Peck
region can be found in the Garrison area and southward, these in-
clude the golden shiner, tadpole madtom, shortnogse gar, creek chub,
sand shiner, the river shiner and the rainbow smelt which was Intro~

duced in 1973.

149. The sampling program in the Lake Sakakawea area is quite limited;
thus data on existing populations are scarce., Several game specles
such as lake trout, northern pike, walleye and coho have been stocked;

however, data are not available on the success of these stockings.

150. Five specles, according to sampling data, are found only in Lake
Oahe: sturgeon chub, blacknose dace, river shiner, silverband minnow
and the spottail shiner which was introduced in 1973, Species found
at Oahe and downstream include the blue catfish, white bass and flat-
head catfish.

151. 1In the Lake Oahe area the populations of several fish species
have declined significantly. Between the years 1971-1973, inclusive,
2111l net sampling on a catch per unit effort basis showed declines
for the following species: black crappie, 100 percent; carp, 45.9
percent; northern pike, 62.5 percent; smallmouth buffaio, 33.3 per-
cent; walleye, 37.9 percent; white bass, 66.6 percent; and white
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crappie, 66.6 percent, During the same time period, the following
species showed significant gains: channel catfish, 244.4 percent;
freshwater drum, 100 percent; goldeye, 27.3 percent; and river

carpsucker, 15 percent, Data on the continuation or abatement of

these trends remains to be investigated.

152, Hipple Lake, an important nursery area for gizzard shad, is
located downstream from Oahe in Lake Sharpe, This area is impor-

tant in that it produces a prey species which is important in the
maintenance of walleye populations in the lake and in Oahe tailwaters,
Two species, the longnose gar and the gizzard shad are found in the
Lake Sharpe area and southward. Walleye in Lake Sharpe have shown

a spectacular population increase, over 140 percent between 1964

| and 1967. Data for 1973 as compared with 1964 data show the follow-
ing population trends: carps, + 18 percent; bigmouth buffalo, -37
percent; shovelnose sturgeon, -65 percent; and northern pike, =100

percent,

153. In the Lake Francis Case area one specles is picked up which
has not been previously mentioned, the skipjack herring. The only
addition to this species list that can be made by looking at the
Lewis and Clark area is the silver chub. Data available for the
Lake Francis Case area indicate that adult fish population have
been generally on the decline since impoundment. The following
fish population have all shown decreases on the basis of catch per
unit effort between 1970 and 1973: bigmouth buffalo, 60 percent;
carp, 22.2 percent; channel catfish, 23.4 percent; goldeye, 39.8
percent; northern pike, 50 percent; river carpsucker, 58.8 percent;
sauger, 56.3 percent; shortnose gar, 77.8 percent; smallmouth
buffale, 47.1 percent; walleye, 30.5 percent and white bass, 18,2
percent. During 1960, it has been estimated that 5,000 paddlefish
were harvested in the headwaters areas of Francis Case Lake (Big
Bend dam tailwaters). During 1971, less than 100 paddlefish were

harvested in the Big Bend tallwaters. Paddlefish tagging operations
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in 1969 and 1970 estimated an existing population in Lake Francis
Case of about 31,000, Paddlefish in the lake are believed to be a
relic population although this status has not been scientifically
established. Current projections indicate a decline in downstream
areas and extinction in the lake between the year 1990-2020, Two
species have shown numerical increases between 1970 and 1973, the
shovelnose sturgeon has increased 50 percent and the freshwater drum

has shown an increase of 7.1 percent.

154, A very important spawning area is located between Fort Randall
and Lewis and Clark lake near the state line between Nebraska and
South Dakota. This area is important in that it is perhaps the only
spawning area of significance in this stretch of the river and is
believed to supply much of the fishery for the Missouri River between
Fort Randall Dam and Lewis & Clark Lake as well as Lewis and Clark
Lake. A Fish and Wildlife Service study infers that young fish from
this spawning site may well contribute to the fish population in

the Gavins Point Dam tailwaters and possibly farther downstream,

155, Fish populations in Lewis and Clark Lake have been studied
since 1956, the first full year of impoundment. During the 1956~
1973 period there has been a continual decline in fish abundance.
According to the Fish and Wildlife Service the overall fish abundance
declined 64 percent during the 1968-1972 period. On the basis of
catch-per-unit effort data for the period 1965-1973 only three fish
species have shown increasing abundance; white bass, 40.6 percent;
yellow perch, 500 percent and the freshwater drum 215,2 percent.
During this same period the following species have shown declines:
channel catfish, 46.5 percent; white crappie, 78.9 percent; sauger
and walleye, l1.1 percent and gizzard shad, 68.7 percent. Several
factors such as siltation, loss of spawning area, fluctuating level
and short retention period of water in the lake, and loss of young
fish through the turbines and spillway contribute to the decline of
fish abundance in this lake.
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156. The continuing process of high bank {including islands)

erosion should impact little, incrementally, on fish populations in
the main stem lakes, although sediment deposition will influence the
long~term fish populations. In the short-term, and possibly having

a lasting impact, those fish species requiring stable, mature littoral
habitat will continue to decline; these include northern pike, carp
and smallmouth and bigmouth buffalo as well as a number of minnow
species, State conservation agencles are, however, to some extent

investigating possible remedies to this situation.

157. To the extent that the erosion process in the open river reaches
creates stable, shallow water areas without fast current, there will
be an increase in the numbers and diversity of the minnow family,

the invertebrate community associated with this habitat type, and

the producer organisms capable of colonizing in this habitat., The
continuing population status of sauger, walleye, paddlefish, stur-
geon, catfish and other species will be most dependent upon future
river conditions as they relate to the spawning requirements of the
fish, These conditions, in turn, are expected to be less sensitive
to bank erosion than to stream depletions, which are discussed in

the next section,

MAMMALS

158, A complete list of mammals that are found along the area of
this study would include in excess of 75 species, Over one-third
of this number can be found in good to excellent flood plain habi-
tat along this entire reach of the river. Some more common members
of this group are: the masked shrew, little brown bat, fox squirrel,
racoon, striped skunk, coyote, eastern cottontail, deer mouse,
white-foated mouse, muskrat, and prairie vole., Species which are
not commonly seen because of their behavior or habitat requirements,
but occur throughout the main stem system would include the follow-
ing: silver-haired bat, hoary bat, mink, river otter, red fox,

badger, meadow jumping mouse, western harvest mouse and beaver.
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159. Three big game species can be found in the study area. The
whitetall deer is the primary big game animal which utilizes the
excellent habitat of the Missourl River flood plain. It shares

the uplands with mule deer, which frequents the grassland or prairie
communities. The prong-horn antelope, which also are endemic to grass-

lands, are found in the northwest quarter of the basin.

160. Certain mammal species are indigenous to small areas. Canadian
lynx and snowshoe hare are confined to the more northern regions of

the basin., Snowshow hares select the "willow bar" areas of the flood
plain in the southern limits of itas range. Gray squirrels are re-
stricted to an area of mature flood plain forest between Lake Sakakawea
and Bismarck, North Dakota., Eastern fox squirrel also occupy this area
as well as the remainder of the study reach. The plains pocket

gopher is reported from eastern South Dakota into northeastern
Nebraska. Again this species isg replaced by a simllar one, the
northern pocket gopher, in the remainder of the main stem system,

Ord's Kangaroo rat and hispid pocket mouse are found in the zeric

areas west and south of the Missouri River. The opposum is not able

to adapt to the northern climate and as a result is found only in

the southeastern region of the main stem system, downstream of Fort

Randall dam,

161, Two mammal species are considered as endangered in this area.
The northern rocky mountain wolf is found only in the extreme western
portion of Montana. Its appearance in the study area is considered
very unlikely. The black-footed ferret has been sighted in all four
states of the study area. Little is known about this species, how~
ever, there does seem to be a relationship between black-footed ferrets
and active prairie dog towns for food and shelter, Therefore, all
prairie dog towns should be considered as possible ferret locations
even if these "towns" occur in marginal habitat such as flood plains.
Little is known about another critical gpecles, the swift fox.
Indications are that this species selects areas suitable for a
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year-round den site and abundant prey species, usually in an open

grassland community.

162. On-going changes in land form are felt in turn by the manm-
malian species. Habitat change will reduce opportunities for the
nmature flood plain forest species such as fox and grey squirrels,
eagtern cottontail, and most burrowing small mammals while favoring
those mammals which inhabitat marsh and willow bar habitat, This
group consisting mostly of aquatic fur bearers such as beaver,
muskrat, and mink would be expected to increase in population.

Those mammal species whose ranges encompass several habitat types,
including mature flood Plains, will also be selected against due to
its habitat loss. Some numbers of this group are white-tailed deer,

red fox and striped skunk.

BIRDS
163. Over 250 species of birds can be found in the main stem regipnp

of the Missouri River if both migrants and nesting species are counted.
Well over 60 percent of the number are found to nest in one or more

areas of the main stem region.

164. In considering these species, a number of them deserve special
mention since they are aesthetically important in an area which pro-
vides habitat for nesting, feeding, or wintering; are listed as

threatened or endangered species by the U. S, Department of Interior

or are recommended for inclusion to this list,

165, The Amexican peregrine falcon, an endangered species, has been
known to occur in the Fort Peck area. This species is primarily a
migrant in this location, however, during the 1969 and 1970 nesting
8cason one aerie was reported in Montana. This aerie had adult

falcons present, however, there was no mention of young.

166, Two other very rare and endangered species use a portion of
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the study area as a migratory route. These species are the whooping
crane and the Eskimo curlew. The last sighting of an eskimo curlew
occurred in the early 1960's, The whooping crane flies over a segment
of the main stem region during its yearly migration. Since it ¢s a
migrant, i1t may occasionally use main stem areas as feeding and resting

areas,

167. Northern bald eagles and golden eagles make use of the main stem
region for nesting, as a wintering ground, and as a major migratory
route north and south. Especially heavy use is made of the Karl Mundt
Eagle Refuge, below Fort Randall dam. As many as 200 eagles congre-
gate in this area during the November-February period. The eagles
principal food is fish which during the winter are readily available
in the project tallwaters and ice-free river downstream. Use is also
made of the mature flood plain forest as a shelter against winter

storms,

168, The American osprey and prairie falcon are both found along

the Missouri River. At this time they are not comsidered as endangered
species, although their population levels are declining. Prairie
falcons are a grassland bird and have been reported nesting in the

Fort Peck and Lake Sakakawea areas. The osprey is a fish-eating

raptor found along the entire main stem reach. A stable population

of those species is contingent on the maintenance of suitable habi-

tats.

169. Due to its alinement within the central fly way, the study
reach of the Missouri is important to many species of migratory
waterfowl. Several million ducks and geese use the main stem lakes,
sand bars, islands, and open river as feeding and roosting grounds
during their apring and fall migration, This is especially true in
the river reach between Yankton, South Dakota and Sioux City, Iowa.
In addition, dabbling ducks such as mallards, gadwall, pintail,
blue-winged teal, and shoveler will use the area as a primary
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nesting ground. Over 1,4 million pairs of these puddle ducks were
indicated as nesting in the North Dakota prairie pothole region
alone, Of this total almost one-third were reported to be nesting

in an area closely assoclated with the Missouri River.

170. Pheasant and quail are the princlpal upland game bird using
the mosaic of forest and agricultural lands on the flood plain.
Prairie chickens, sharp-tailed grouse and turkey can be found on the

upland prairie and breaks along the Misscouri River.

171. Non-game birds make up the largest percentage of the bird
fauna in the study area. This 1s a diverse group with each species
having its owm habitat requirement. Several large groupings can be
defined however., A grassland group would include, horned larks,
lark buntings, grasshopper sparrow, and western meadow larks. The
wooded or flood plain community would include vireos, nuthatches,
goldfinches, orioles, and many others. Along the river and its
marshes the non-game biid community would consist of these and
others; swamp sparrows, bitterns, herons, killdeer, plovers, yellow=-
headed and red-winged blackbirds, Two species are noteworthy due
to their propensity to nest on sand bars or sandy areas along the

river proper, These are the piping plover and the least tern.

172, The avian species composition in the Missourl River flood
plain will also be affected by changes in land form. These changes
will be of significance to those species which utilize the mature
flood plein forest. This group consists mostly of passerines, al-
though other orders would be affected. The most noteworthy of these
are the eagles which would lose their primary winter roosting areas
below main stem dams, The gallinaceous birds, principally pheasant
and prairie grouse will suffer loss of crop and grazing lands ad-
jacent to the river. Increases in numbers of puddle ducks and
species diversity of shore and marsh bird populations is anticipated
with an increase in low bank, marsh type habitat. Geese may not be
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affected appreciably because there should be little change in the
amount of open "“plant-less" sand bars used by those birds as rest-

ing sites,

REPTILES AND AMPHIBIANS

173. The study reach has a full complement of herpetofauna, none

of which is on the existing Federal threatened and endangered species
list., Most of these Bpecies are associated with the Missouri River
or ite tributaries at some point in their life cycle. The ranges

of many of these species is not clearly defined and a particular
species may occur both in the flood plain and in the drier upland
areas. The range will expand and contract in response to existing

environmental conditions,

174. A number of species inhabit the entire study reach, These
species are: snapping turtle, western painted turtle, western
softshell turtle, plains gartersnake, resided gartersnake, king
snake, bullsnake, milksnake, prairie rattlesnake, tiger salamander,
plains spadefoot toad, rocky mountain toad, great plains toad,

chorus frog and leopard frog.

175. Two species found in the study area are more predominant in
the more northern and western reaches; these are the short-hormed

lizard and the boreal charus frog.

176. Most species seem to prefer the more eastern and southern
reaches of the study reach. Moving southward with the Missouri River
from Fort Peck the eastern yellow-bellied racer and the western
hognose snake first appear in the Sakakawea area, the smooth green
snake and the smooth softshell turtle are encountered in the Oahe
area, and the bullfrog can be collected in the southern reaches of

the Lake Francis Case area.

177. The southeastern most part of the study reach, principally
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the Lewis and Clark area is the richest in herpetofauna. In this
reach a number of species are present that are not found in the
basin upstream and include northern prairie lizard, six-lined race-
runner, prairie ringneck snake, lined snake, cricket frog and the

western chorus frog.

178, With an increase in development of aquatic and semi-aquatic
habitat an increase is anticipated in population levels of those
reptiles and amphibians which are dependent on this type of habitat,
such as tiger salamanders, leopard frogs, and softshell turtle.
Species which are restricted to more terrestrial environments such
as the spadefoot toad or bullsnake will decline in numbers due to

decreased amounts of habitat.

DISEASE VECTOR PROBLEMS
179. The principal vector problem that currently exists at several

points along the main stem system concerns moaquitos, The increas-
ing mosquito population can be traced to increased breeding areas
being caused by hydrologic changes resulting from the operation of
the main stem system, These areas are low lying waterlogged areas
of shallow standing water which can produce enormous broods of
mosquitos., These areas are closely correlated with water levels;
i.e., "feather edge" flooding as opposed to moderately steep shore-
lines or shallow inundation of flat vegetated portions of shoreline
or marsh area. The location of these sites is as follows:

Portions of the Buford-Trenton Irrigation District near the
headwaters of Lake Sakakawea.

An area south of Bismarck, North Dakota near the headwaters
of Lake Oahe,

The vicinity of Fort Pierre, South Dakota, five miles down-
stream from Oahe Dam andinear the headwaters of Lake Sharpe.

Near Niobrara, Nebraska, in the headwater vicinity of Lewis
and Clark Lake,
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180. Present studies 1n the headwater area of Lewis and Clark Lake

and the Niobrara area showed prolific production of Aedes, the flood-
water mosquito and Culex, the encephalitis mosquito, In this area,
continued siltation and the resultant increase in marshy and ponded
habitat will likely result in an incrassingly severe mosquito problem.
During 1972, the State of Nebraska and the U, S. Army Corps of Engineers
utilized aerial spraying to alleviate the problem. At present the

State of Nebraska, U, S. Army Corps of Engineers, Department of Health,
Education and Welfare as well as county and community representatives
have developed a monitoring program and are formulating alternative

control measures.,

181. Increased marsh~like water areas caused by conversion of high
bank lands to sand bars will provide more and more egg-laying habi-
tat for permanent-water mosquitos such as Anopheles and Culex. This
will be particularly true in the regulated river reach below Gavins
Point dam. The changing river environment below the other dams may
favor the mosquitos which deposit their eggs on molst solls with
hatching of the eggs being stimulated by subsequent inundations,
Continued waterlogging in the lakes' headwaters should enhance the
population growth of, in the short term, the temporary-water breeders

(Aedes & Pgorophora) and, in the long term, the permanent-water

breeders.

Descriptive Publications
182, 1In addition to the reports of survey scope already tabulated,
a number of other studies and reports provided data of value in the
present study,

® Report on Adequacy of Flows in the Missouri River, Missouri
Basin Inter-Agency Committee, April 1951,

® Supplemental Report on Adequacy of Flows in the Missouri
River, Missouri Basin Inter-Agency Committee, April 1959,

® The Missouri River Basin Comprehensive Framework Study,

Missourl Basin Inter-Agency Commi ttee, June 1969,
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® Missouri River Main Stem Reservoir Operation Studies -
Series 6-69, U. S. Army Engineer Division, Missouri River, Corps of
Engineers, Omaha, Nebraska, 1969.

® Report on Modification of Operation of Lake Francis Case,
South Dakota, U. S. Army Engineer Division, Missouri River, Corps of
Engineers, Omaha, Nebraska, October 1972.

® Missouri River, South Dakota, Nebraska, North Dakota and
Montana, Preliminary Study - Additional Hydro-power, Sverdrup and
Parcel and Assoclates, Inc., June 1973,

® Missouri River Main Stem Reservoir Regulation Studies,
Series 1-74, U, S, Army Engineer Division, Missourl River, Corps of
Engineers, Omaha, Nebraska, 1974,

® Coal Development Alternatives, David D, Freudenthal, Peter
Ricciardelli, and Michael N. York, Wyoming Department of Economic
Planning and Development, December 1974,

® Effects of Coal Development in the Northern Great Plains,
prepared by Northern Great Plains Resources Program, April 1975.

® Missouri River Basin Industrial Water Marketing; Hearings
before the Subcommittee on Energy Research and Water Resources of
the Committee on Interior and Insular Affairs, United States Senate,
Ninety-Fourth Congress, First session, 1975,

® Annual Operating Plan 1975-1976 and summary of Actual 1974~
1975 Operations, Missouri River Main Stem Reservoirs, U, S, Army
Engineer Division, Missouri River, Corps of Engineers, Omaha, Nebraska,
August 1975,

® Missouri River Main Stem Reservoir Regulation Studies,
Series 12-75, U, S, Army Engineer Division, Missouri River, Corps of
Engineers, January 1976,

® Summary Report on Regulation of the Missouri River Main
Stem Reservoir System to Control the 1975 Inflows; U, S. Army Engineer
Division, Missouri River, Omaha, Nebraska, August 1975, revised and
extended January 1976,

® Water and Related Land Resources in the Missouri River

Basin -~ Present and Future Uses and Associated Problems and Issues,
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Missouri River Basin Commisaion, Omaha, Nebraska, June 1976,
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SECTION C.

' PROBLEMS AND. OPPORTUN]

1. One common thread s woven throuagh all of the diverse Con-
f.ressioaal actions which led to this report -~ the river itself.

tome of its impacts upon the study arca have been extolled as good
things which nust be preserved, some have been denounced as had
things which must be remcdied. Some have been called both good and
bad in accordance with the differing views of the beholders. Some
of the study findings deal with problems left unresolved by the com—
pletion of the main-stem reservoirs -- created, in fact, by the very
existence of that system, Some deal with opportunities to provide
more or differxent services than are presently beinyg delivered. And

some are findings that a study element cannot be recommended for

implementation.

Water Use

2. The outstanding opportunity available to the people of this
area lies in the fashioning of a wise policy on how to garmer future

water resource benefits, In a nation recurrently warned of impending
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crisis arising from widespread and chronic shortage of water, the
Missouri River is very evidently a source of vast wealth, both tan-
pible and Iutangible. This section will didentify a number of views
on who has the authority and whose choices are best suited to utilize

that wealth, as well as some consequences of the various choices.,

“Autharization of Water Resource Development.
3. The views of the U, S, Cengress, as expressed by the 1944 Flood

Control Act, which authorized the Pick-Sloan Plan, are detailed in

supporting legislative documents.,

4, House Document 475, the Pick Plan, described the purposes of

the main stem reservoirs as follows:
"In addition to providing flood-control benefits on the
Missouri and Mississippi Rivers, the comprehensive plan
would also provide for the most efficient utilization of
the waters of the Missouri River Basin for all purposes,
including irrigation, navigation, power, domestic and
sanitary purposes, wildlife and recreation,"

5. The Sloan Plan, voicing Bureau of Reclamation views in Senate

Documen< 191, said,
"All reservoirs included in the comprehensive plan,
including Fort Peck, should be operated to obtain the
nmaximum benefits in common for flood controel, navigation,
irrigation, power gencration, and other water-conservation
activities, including but not limited to, utilization for
fish and wildlife pr servation, recreation, pollution

abatement, maintenance of surface and ground water levels,
silt control, and domestic and industrial purposes, "

Competing Water Uses

6. Althoughh many elements of this study are vitally concerned with
water use -- whether flow is diverted from the river or reserved for
instrean purposes -- this is not true in cvery case. The problems of
bank ercsion, vaterlogging, and siltation may be expected to persist
in some degree regardless of the trend in yearly flow; their analysis,

therefore, is relatively insensitive to projections of demand for
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Missourli River water, For the large part, however, the study must
be founded upon an understanding of past evolution of water uses

and an evaluation of possible future trends,

7e Competition for water may be of two sorts: between two or
nore purposes which divert water from the stream and fall to return
part or all of it, i.e. "consumptive" uses, and between the sum of
all consumptive uses and the "non-consumptive' or instream uses.

in che long—-term aggregate, non-consumptive uses are not competitive
among themaelves;. during any given yvear, however, conflicts may
arise over the timing, flow rate, or duration or reservoir releases

and associared water levels in the reservoir,

8. An important addition to the 1944 Flood Control Act was
Section lb, the ('Mahoney-M4illikin Amendment, which stated,
"The use for navigaﬁion, in connection with the operation
and malntenance of tuch works herein authorized for
construction, of waters arising in States lying wholly
or partly west of the ninety-eighth meridian shall be
only such use as does not conflict with any beneficial
consumptive use, present or future, in States lying
wholly or partly west of the ninety—eighth meridian

of such waters for domestic, municipal, stock water,
iviigation, mining or industrial purposes."

9, Although non-consumptive uses other than navigation had been
advocaited in its legielative history, the 1944 Act was silent regard-
ing the relative prefervence to be given such purposes as power
generation, fish and wildlife preservation, recreation, pollution
abatement, and maintenance of surface and ground water levels vis a
vis benaficial consumptive use. Two decades later the competing
claims to first importarce are still being made; moreover, a growing
awareness of the value of the water resource has led from a compe-
tition among uses tc comperition among jurisdictions. By whom and
by what authority will future development of the Miasouri River be
directed?
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,,Competing Jurisdictions

TIHE FEIORAL LATERRSY

19, T'ederal authority to participate in wviter resources develon-
ment rests initially upon the Constitution of the United States, as
amplified and implenented by indicial decisions and a number of Con-

yressional acts,

11, “he Constitution. Water resources, per se, are not mentioned

in the Constitution, but several basiec clauses provide the source of
author<ty for the Federal Gove-nment to dev:lop and operate water

regource programns.

12, The Zommerce Clause vests in Congress the richt to control
navigable watars anl is cited Irequertly as the authority for the
Fadera Governnent o engage i water resources develovment, Al-
thougir the clause in thecry cay hae erercised orly vhen benefits of
At least incidental magnitude iccrue to pavisatien, the link is some=-
tines  eunous,  Tn wddition to the repulatory power vhich Congress,
under “he commerce clause, exercises over navigable waters, the judi-
cial dvetrine of navigational servitude declares that Federal juris-
diction is paramount aund thus, in the exercise of the navigation
power, water and certain other property may be taken without compen-

gation.

13, The Property Clause which gives to Congress nower "to make all
needful Rules and Regulations respecting the Territory or other Pro-
perty belonging to the United States” is the basis for Federal control

of watzrs on Federal lands.

14, the Treaty Power enables the President, with advice and consent
of the Senate, to make treaties which then stand on equal footing with
acts of Congress, The treaty power playa an important role in the as-
sertions of Indian water right claims discussed later in this report.
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15. The General Welfare Power and the War Power both have the po-
tential for managing water resources althoupgh the latter, as yet,

has not been extensively used,

16, The Supremacy Clause declares the Constitution, and the laws
and treaties of the United States to be the supreme law of the land,
"anything in the Constitution or Laws of any State to the contrary

notwithstanding."

17, Statutory Provisions. The Act of 1811 dealing with the navi-

gable waters of the Loudsiana Purchase and the first Rivers and
Harbors legislation dating back to 1824, bespeak the early and con-
tinuing Federal interest in navigation. Indeed, the constitution~
ality of the 0'Mahoney~Millikin Amendment referred to in an earlier
paragraph has been subject to speculation - but never to test - in

light of this interest.

18, The River and Harbor Act of 18Y% estahblished the Section 10
PYermit program, requiring authorization by the Secretary of Army
prior torobstructing, excavating from or depositing material in
navigable waters, Seventy-three years later, evolving concern over
quality of the Nation's waters culminated in the Federal Water
Pollution Control Act Amendment of 1972, which now covers not only
streams determined to be navigable but all the waters of the United
States, Regulated activities include the discharge of pollutants
into the waters of the United States, the discharge of any material
dredged or excavated from such waters, or fills including land fills
and backfills, dams, dikes, levees and bulkheads. Thus, the earliest
non~-consumptive use, has over the years become a tool for implement-
ing one of the most recent concerns, water quality, Together with
legislation directing planning consideration, fund sharing, or both
in the fields of recreation, fish and wildlife and environmental
policy, the 1972 legislation insures a Federal role in maintaining
the quality of life. This role will be felt not only in the tailoring
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of future Federal programs, but in the monitoring and regulation of

State and private activities as well,

19, With recreation, fish and wildlife, water quality and environ—
mental concerns thus itemized, hydropower generation is the only other
non~consumptive use of major significance. Federal interest goes to
the Act of 1906 which authorized the Secretary of Interior to produce
and sell electric energy in connection with reclamation projects.
Reference has already been made to H.D. 475 and S.D. 191, both of
which specifically called for power generation as an element of the
Pick~Sloan Plan,

20, Flood control is neither a consumptive nor a non-consumptive
use of water; moreover, there has been no otservahle competition
directed toward preempting the Federal role in this area, The Flood
Control Act of 1936 established the nationwide policy that flood

control is in the interest of the general welfare,

21, Federal interest in consumptive uses of water was documented in
the O'Mahoney-Millikin Amendment (Section 1(b) of the 1944 Flood
Control Act) already referred to., A number of other authorizing acts
exist, both prior and subsequent to 1944; like the 1944 Act they too
took advantage of the multiple~use concept to encourage non-consumptive

functions as well, as shown in the following paragraphs,

22.  The Reclamation Act of 1902, with coverage broadened to recognize
multiple-purpose concepts by the Reclamation Project Act of 1939,
enables the Bureau of Reclamation to plan and construct projects to
serve irrigation, power generation, municipal and industrial uses,
recreation, fish and wildlife enhancenent, stream regulation, pol-
lution control, and flood control. The Warren Act of 1911 permits the
sale, on short~term contract, of surplus preject water to nonproject

users,
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23,  The Water Supply Act of 1958 (PL 85-500) broadened previous
authority of the Secretaries of Interior and Army to include in
Federal projects reservoir storage for present and anticipated
future municipal and industrial water supply. Inclusion of such
storage is dependent upon state or local assurance of repayment of
the allocated cost and interest within the life of the project but

not to exceed 50 years after first use for water supply.

24,  The Secretary of Agriculture was directed by legislation in
1935 to establish the Soil Conservatien Service with further emphasis
on watershed protection in the 1936 and 1944 Flood Control Acts,

The Watershed Protection and Flood Prevention Act of 1954 (PL 566)
authorizes the Secretary of Agriculture to plan for an assist in
financing projects for control and use of water in watersheds not
exceeding 250,000 acres. Project purposes may include flood pre-
vention, drainage, irrigation, water supply, streamflow regulation,

fish and wildlife, recreation, and municipal and industrial water

supply.

INDIAN CLAIMS TO WATER
25, A discussion of Indian water rigats must begin with the Winters

doctrine, which arose from a case originating in the Federal District
Court for Montana and after twice being presented to the Circuit
Court of Appeals, was finally decided 0y the United States Supreme
Court in 1908. This was followed by another Montana case, Conrad
Investment Co. decided by the Circuit Court also in 1908. These two
decisions and a number of subsequent amplifications constitute the
backbone of Indian water right claims. Although their applicability
has been asserted throughout the West, it is noted that these land~
mark cases arose in the upper reaches of the Missouri basin, the

general area later destined to contain the main stem dams,

20. The doctrine thus developed holds that where Indian tribes on
organized reservations have, by treaty with the United States or by
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executive order had water rights reserved on occupied land, the Tribe
has a prior and paramount right to all waters so reserved, dating from
the treaty or order. Moreover, if the need for water increases over
time, the right to use this water increases also and is valid against
all other claimants, except perhaps the United States. Such rights
apply not only to lands historically occupied by a tribe and with a
specifi>d reservation of water rights, but also to Federal grants
where rzservations are established on lands which were not histori-~

celly occupied,

27. Launciation of this doctrine has led to active debate over the
quantification of Indian rights. A mumber of studies made by non-
Indian water use planners have assumed Indizn entitlement to all the
water which could be used on their lands for irrigation, stock-water
and domestic use, while maintaining that cormercial or industrial
uses were never intended for reservation by case law. Indian spokes-
men interpret more broadly the l.nguage of the Conrad court which
refers to the Winters determination of "the paramount rishts of the
Indians of the Blackfoot Indian Reservation to the use of the waters
of Birch Creek to the extent reasonably necessary for the purposes

of irrigation and stock raising and domestic and other useful pur-
poses." One other doctrine fundamental to the Indian position, is
expressed in this exerpt from the Colorado Supreme Court: '"To say ...
that an appropriator from the rain stream is subject. to subsequent
appropriators from its tributaries would be the overthrow of the en-
tire doctrine ..." And the Ninth Circuit Court of Appeals added "it
would be a novel rule of water law to limit either the riparian pro-
prietor or the apprepriator to waters which originated upon his lands
or within the area of appropriation. Most streams in this portion

of the country originate in the mountains and far from the lands to

which their waters ultimately become appurtenant."

28, Given the broadest definition of water use and the broadest

area from which it may be appropriated, the scope of ensuing claims
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is not too difficult to anticipate. It is plainly stated in
"Declaration of Indian Rights to the Natural Resources in the

Northern Great Plains States." This document was prepared by the
Member Tribes in the Native American Natural Resourcesg Development
Federation of the Northern Great Plains and submitted to the Northern
Great Plains Resources Program in June 1974. The 26 member tribes,
residing in Montana, Wyoring, North Dakota, South Dakota and Nebraska,

on page 1 of the report, declare:

"The Indian tribes of the five states do hereby
glve notice to the world that they will maintain
their ownership to the priceless natural resources
which are geographically and legally related to
their reservations. Indian tribes and people,
both jointly and severally, have declared and the
courts have sustained that the American Indian
tribes of the Northern Great Plains have the
prior and paramount rights to the waters of all
rivers, streams, or other bodies of water, in-
cluding all tributaries thereto, which flow
through, ariece upon, underlie or border upon
their reservations. These prior and paramount
rights would extend to all waters that may now
or in the future be artificially augmented or
created by weather modification, by desalination
or presently unusable water supplies, by pro-
duction of water supplies as a by-product of
geothermal power development, or by any other
scientific or other type of means within the
respective reservations in the Northern Great
Plains area.

In view of the tribes' prior and paramount
rights to all the waters to which they are
geographically related, it is self-evident
that any major diversion of said waters for
any purpose would constitute an encroachment
upon Indian water rights. All Federal agents
or agencies, including but not limited to the
Bureau of Reclamation, Corps of Engineers,
states, persons, parties or organizations are,
therefore, put on notice that any divession
or use of such tribal waters shall be at their
own risk."

29, Evidently, the issues thus joined are more complex than those

Appendix 1
c-9




addressed in the Wintera, Conrad, and allied cases, Those issues
were raised by the United States as trustee for the Indian tribes,
in opposition to claims of States or private parties. The sweep~
ing contentlons set out above challenge the sovereign power of the
United States itself and are likely to be secttled only after pro-

tracted further judicial and perhaps legislative effort.

STATE INTEREST'S

30, In view of the sweeping Indian claims just recited, and the

massive Federal history of Constitutional and statutory authority in
support of water resource management, the status of the Basin States
might at first blush appear to be one of suppliants hoping to secure

some overlooked droplet, Such a conclusion lacks total certainty.

31. The Secretary of Interior, under Section 8 of the Reclamation
Act of 1902, is directed to "proceed in conformity" with State water
law. In a 1975 case presently uncer appeal, The United States of
America vs The State of California et al, the Federal District Court
ruled, "that the United States can appropriate unappropriated waters
necessary for use in any Federal reclamation project with the State
of California, without the necessity of applying to the California
State Water Resources Control Board." Furthermore, "when the United
States chooses as a matter of comity to subrit applications to the
e+s Board, that Board must grant such applications if unappropriated
waters are available." The full impact of this ruling is yet to be
ascertained. The Corps of Engineers invelvement in water supply
activities is primarily under terms of the 1958 Water Supply Act.
This Act does not provide for the sale of water but rather provides ‘
contractual allocation of reservoir storage only to parties holding

State water rights, The Soil Conservation Service goes one further

step, requiring a local entity to take title to the structure.

32, In the several western states use of decreed rights has changed
over the years; in order to adjudicate water use an occagsional general
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review and update may be necessary. At times the United States has
refused to participate ir such aroceedings, standing upon its
sovereiygn immunity. The McCarran Amerdment enacted by Congress as

a rider to a 1952 appropriation bill, was an effort to ensure
Federal participation in State senera! adjudication suits. 1In the
case of the United States vs Fagle County, the United States

Supreme Court held the McCarran Amendment to be an all-inclusive
statutory provision that subjects to reneral adjudication in state
proceedings all rights of the United States to water within a
particular state's jurisdiction regarcless of how they were acquired,
Tois struck down the Federal contenticn that the amendment applied
ouly to water rights acquired under state law and not to the Govern-

mont's reserved rights.

31. Aside from the maze of legal uncertainties, the political clime
seems pointed toward a lessening degree of Federal participation in
water resource development. Arrangements such as that between EPA
and the states on water quality standards are being considered as a
nodification of the Section 404 progran to regulate dredging and
filling, and there have been indications of Federal willingness to
delegate management of consumptive uses as wall, This Federal er~
piasis on the role of non-TFederal authority has been accompanied by

a companion Federal emphasis on non-Feieral funding.

The Water Supply — Past and Present

34, Prior to 1865, streamflow in the Missouri River was put to
l_ttle use except for transportation. At about that time, the early
scttlers and homesteaders, their numbers swollen by uprooted Civil
War Survivors, started irrigation and wininpg ventures and began
filing for water-use permits in substantial numbers, Some additional
irrigation developaent was induced by establishmwent of Indian reser-

vations,

35. By 1898, lissouri River flows at Sioux City had been depleted
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an estimated averag: of about 1.5 million a:re-feet per year. Be-
gloning with that year a "reconstituted" flow record has been com-
piled on a monthly hasis, utilizing gaging records where available,
high water marks and readings rtaken at old military posts. Streamflow
records, of course, reflect the constantly changing levels of water
resources development and stre:unflow depletion, Growth of average
annual depletions, including r¢servoir evaporation, is shown in

Figure C-1. ‘These reductions in flow reflect not only withdrawals
from the Missouri itself, but depletions of upstream tributaries as

well,

FIGURE C-1 GROWTH OF STREAMFLOW
DEPLETIONS AT SIOUX CITY
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36. To be useful as an accurate measure of surface water-supply
availability, historic streanflow data must be adjusted to a common
level of water resources developnent and water use and a corres-

ponding common level of streamflow denletion.

37. The vear 1949 hag become one conmmon hase level for studies
iatilizing *Missouri Piver flows. Stemnine from the Report on the
Adequacy of Flows in the Missouri River, published by the ilissouri
Basin Interagency Committee in 1951, flows prior and subsequent to
1949, have been reduced or increased to reflect that level of de-
pletions. Fipure C~2 shous the record of annual flov volumes at

Sioux City, Towa, from 1898 to 1975 reflecting 1949 depletion levels,

which amount to an average of 3.8 million acre~feet per year,

38. A second common base is the 1970 level of depletions. This
level of consumptive use underlies analyses developed for the
Hissouri River Basin Comprehensive Franework Study and numerous sub-
sequent operation studies conducted by the Corps of Engineers, many
in collaboration with the Bureau of Reclamation. Among these are
studies run in 1970, 1974 and 1976 to estimate projected impacts of
industrial development of western coal fields, in addition to other
uses., lMeasured against the predevelopment level of 28.5 million
acre-feet, the average annual flov under 1970 conditions is depleted
by 6,5 million acre-feet, of which one-fourth is evaporation fron

the six main stem reservoirs.

Alternative Future Uses

39, The scope of this study originally included efforts to identify
those water uses which would best promote the orderly, efficient,

and timely utilization of the basin'’s resources. Such an analysis
would recognize the competition for avallable water supplies, the
economic and environmental effects, costing and marketing policies

and water rights,
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4. In conmen with all other nhases of the study, the efforts desg-
cribed above were to be coordinated with the affected states, appro-
priate lPederal apencies, and with the Missouri River Basin Commission,
The Comuission, on which the ten basin states are represented, served
as a forum for discussin; the significant issues and problems being
addresscd by the study. The active assistance, advice, and partici-
ration of all interested entities was solicited, especially the

upper basin states where the maln stern reservoir systen is located,
Although general input tc¢ this investigation has been achieved for
the system-related problems and hydro-power phases of the study,

such has not Leen the cace concerning competing vater uses and possi-
ble system modifications for best reeting these demands. The states
will not suppert nor participate in such studies at this time. The
upper basin states in particular feel strongly that to quantify
specific uses is premature and should not be undertaken until after
state water plans have been updated ard state water needs have been

assessed,

41, This position has caused a chante in che report's scope.,

Studies are complete on the capability of the reservoir system to
sapply water for today’s uses and for other potential future demands.
These studies provide a baseline from which states, the River Rasin
Commission, and other affected interests can assess general impacts

of future actions. There are not, hovever, any recommendations

dealing with priorities of water use =e only an outline of the analyses
which will be required to address the physical, cconomic, environ-

mental, social, and legal and institutional issues at sone future tine.

CRITERLA

47, Weter resource specialists have exhibited in times past an al-
wist unfailing tendency to overastimate the rate of srowth in !lissouri
River depletions., ihe closuded erystal ball is certainly no easier to
read today than it wvas in years past; as a result an effort has been
made in the following pardgraphs to display a range of impacts
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acsociz.ced with a range of depletions —-- a sensitivity analysis for
those functions related in some fashion to lows In the Missouri

River.

473, Frojectod Depletions. Concurrently w:ith the wushrooming inter-

est of energy companies in developing coal <esources of the upper

hbasin there began to be neard pronouncement; that there is just not
enough water to go around. In response to these frequently heard
views, the Assistantc Secretarics of Interior and Army appointed a
regionil Ad Hoc Comaittee to excamine the issues involved in industrial
water narketing from the six miin stem veservoirs, This Ad Hoc Com-
mittee on Water Harketing was formed in Deczmber 1973, under the Chair-
manshis of John W. deuberger, Thairman of tae IRRC, with representation

from Army, Interior and the basin States.

44, “hrough its efforts were deﬁelnped the projections of future
depletions presented on July 18, 1975 by the Department of Interior
to the Subcommittee on Energy Research and water Resources of the
Senate Committee on Interior and Insular Affairs, and illustrated in
Figure C-3. These depletions are essentially unchanped from the 1969
estimates made for use in the llissouri River Dasin Comprehensive
Framework Study with three exceptions -

® The Framevork Study projected the existence in 1970 of several
projects which have not been constructed. Depletions for the larger
units were restored to streamflow, but the results still overstated
depletions in the amount of several thousands of acre-feet annually.

® "Ultimate" depletions above Sioux City were reduced from
15.3 1illion acre-feet per year in the Franework to 13,3 million acre-
feet par year to correct for the earlier projections of irripgacion
unsupj-orted by either a surface or groundwiter supply.

@ Attainment of the ultimate level vas shifted from the year

2020 1o 2060,
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FIGURE C-3 PROJECTED GROWTH
AVERAGE ANNUAL DEPLETIONS*
MISSOURI RIVER AT SIOUX CITY
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45, Diversions for increasing surface water irrigation are measured

cr compiled routinely, enabling ready confirmation of that compon—

ent of use, lepletions for fish and wildlife,
thed tr2atment and ground water irrigation are

1o verify; there is a tendency to ass me their

stock ponds, water-
much more difficult

use is developing on

s'chedule untii a subsequent detailed ‘vater use study is made. At

any rat2 Federal irrigation will accomt for nearly three-fourths
of the projected 6.8 miliion acre-foot growth after 1970, Accom—
plishmeat of this schedule depends upon a rate of development which
l.as not peen reached in vears past, a:counting for the shifting date

Jor ultimate use, Under present guidelines of the WRC, federally

sponsored irrigation development is difficult to Justify,
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46, "Ultimate" Depletions. A key conclusion formed by the Com-

mittee concerned minimum releases from the main stem system. Re-
leases approximating 6,000 cfs from Gavins Point were found necessary
to meet the Kansas City requircments, which also average 6,000 cfs,

since downstream inflow during drouth periods scarcely offsets losses.

47, Unce this lower bound had been set, maximum depletions compat-
ible with it could be determined. During a repetition of the hydro-
logic cycle from 1898 to date, and based upon pre-development levels,
the main stem reservoirs could support a year round release of 6,000
cfs throughout the most severe drought period, which extended from
1930 through 1941, and at the same time tolerate a depletion to
natural flows of 16.3 million acre~feet per year. In years of better
yield, higher releases would ensue., The value of 16.3 million acre-
feet then becomes a limit to the extent of permissible depletion
growth in light of present-day thinking as reflected by the Ad Hoc
Committee on Water Marketing. By comparison, this is seen to be 3
million acre~feet more than the future depletion without industrial

use as projected by Figure C-3.

48. But whether projected changes in consumption are accurate or
wrong, whether the projected rate of change is too slow or too fast,
g0 long as there exists a recognized need of 6,000 cfs to the lower
basin, sustained upstream depletions cannot be greater tham 16.3

million acre-feet a year unless further storage is developed.

POSSIBLE INDUSTRIAL DEPLETIONS

49, ?rojected depletions discussed in the last section include no

amount attributed to industrial use, On a relative scale, normal
industrial depletions are insignificant in comparison to agricultural
use. Lven a water-intensive industry such as sugar-beet processing
which diverts about 3,000 acre-feet of water during a four-month
season consumes only a small fraction of this amount, Noteworthy
exceptions are today's large thermal-electric plants and the infant
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tochnoloey of coal sasification,

54, Re-cent estimates of total consurptive use in a typical 1,000
regawatt coal-fired power plant range from 12,000 to 15,000 acre-
[ret per year for wet cocling, -lepending upon whether a wet 50,
serubber 1s reguired, 1/ Coal gasificition to augment declininé
vatural gas supplies alsc has the potential for appreciable consump-
tive usc. Plens for earliest production rely on the Lurgi process,
2 less than iceal batch process, Continuous-stream technology is
vinder development in Grect Britain, but definitive information on
water use is not yet available. One utility which has been plan~
ning for development of & 250,010,000 cubic foot per day Lurgi Plant
in Horth Dakota has applied for a perrit to divert 17,000 acre-feet
of water per year from Garrison Reservoir. Such amount is regarded
by authorities as more than adequate f{or a single plant of this size.
Consumptive use of 10,000 acre-feet per year appeatrs to be a reason-

able upper limit.

53l.  As perceived in the Northern Great Plains study already referred
to, the rate at which western coal could be utilized in the year

2300 would be limited by sueh constraints as transportation, capital,
and ski’lled lzbor, teo a naximum of abcut one billion tons a year.

Cf this, some 45% was prcjected for use in the basin and the reast

attributed to export,

52. Added to these assumptions concerning development and the at-
plant consumption of water, there is a requirement for water to
encourage revegetation via supplemental irrigation. Finally, ad-
ditional municipal needs would result from service to a growing
population. The Great Plains study concluded that to support the
maximum extraction‘rate of one billion tons of coal per vear in 2000
would require a population increase of half a million people, who

would consume 14,000 acre-feet annually.

1/ Effects of Coal Develcpment in the Northern Great Plains April 1975
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53. The total tii»n for such a rate of extraction would be:

Cual conversion 618,000 acre~feet per year,

Municipal 14,000
Revegetation 31,000
Slurry pipeline 187,000
Total 850,000 acre—-feet per year
54, These values are based on the revegetation of acreage affected

by extraction of one billion tons in a drought year, the processing
of 450 million tons, and the export of 550 million tons, half of
which would be transported by slurry pipeline.

THE STATE-REGIONAL FUTURE
55. Responding in 1976 to the statutory requirement for update of

the Missouri River Basin Comprehensive Framework Study/National
Assessment, the Missouri River Basin Commission elicited data from
the basin statés on their estimaies of present and projected future
water use, Input came from the same State agencies which had served
on the Framework Study Groups and the Ad Hoc Committee on Water
Marketing, but future growth of depletions was projected only to the
year 2300,

56. These projections are of interest in comparison to conclusions
drawn by the Ad Hoc Committee regarding the near term avallability
of water for marketing to industry. Although the State Regional
Future (SRF) quantified average annual depletions above Sioux City
in 1975 approximately 40 percent above the Ad Hoc values and 30 per-
cent above the Framework, this is anly a part of the problem. As
stated earlier, the Ad Hoc evaluation slowed the estimated rate of
future growth so that full attainment of consumptive uses other than
for energy would not occur until 2060, forty years later thaa the
Framework estimate, SRF approaches this level for the year 2000,
Such depletion growth would require marketing assumptions quite
different from those upon which the MOU was predicated. (See®. C-103)
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LFFECTS OF DEPLETIONS ON HYDRO-POWER GENERATION

57. The present hydro-power inatallations in the main stem dams
are large enough to accommodate any discharge requirement short of
sizeable flood release, with the exception of Gavins Point. Else~
where in thils report 1s an analysis of the desirability of ad-
ditional units, which would still further reduce the necessity for
"spills", i.e., discharges bypassing the turbines. This being true,
every acre foot of water in additional depletions from the system
will result in a reduction of kilowatt hours generated, thus lead-
ing to some observations that even at today's depletion level,
there is no surplus water in the system. The extent by which
generation drops as depletions grow has been established through

many studies by the Corps of Engineers and is shown on Figure C-4.

FIGURE C-4 REDUCTION IN
- MAIN STEM GENERATLION
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58, Operation of the main stem reservoirs is geared to providing
releases commensurate with the depletion level throughout the drought
of record; in other words, the less water flowing in, the less flow-
ing out. Consequently, reservoir levels — and hence, capability --
for a given water year would be egsentially the same over a wide
range of depletions. Put another way, peaking capability is highly
insensitive to the growth of depletions. Since the capability of
the system (in kilowatts) remains quite stable, the economic cost

of the lost generation shown in Figure C-5 may be expressed as the
cost of generating the lost kilowatt hours by alternative sources.
These values have been computed on the basis of prices furnished by
the Federal Power Commission and are shown in Figure C-5,

59. Another method of looking at the usefulness of hydro-power
production is to determine the plant factor. This is defined as

the ratio of the average generation to nameplate generation., Ex-
pressed as a percentage, it reflects the extent to which the plant's
potential output is being used. The plant factor of a generator may
vary widely depending upon its power source and the role assigned

to it in the system. Base loaded nuclear or fossil fueled thermal
plants will operate at high annual load factors - perhaps 60%.

Daily and even monthly load factors can approach 100Z. Combustion
turbines and hydro-plants are suitable for so-called "peaking" oper-
atioms, generating for only a few hours a day during periods of maxi-
mum demand. They may operate at plant factors of ten percent or
less. The changing plant factors of the main stem hydro-projects
from the 1970 to the ultimate depletion level are shown in Figure C-6.

60, The effect of future depletions on main atem hydro-power gener-
ation may be summarized as follows: peaking capability in kilowatts
will be reduced by less than ten percent; energy generation will de-
cline about 500 kwh for every acre foot withdrawn. Based on 1976
costs of generation, this energy could be replaced for one to three
dollars an acre foot, depending on the fuel used.
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ANRNUAL COST - MILLION DOLLARS

PLANT FACTOR IN PERCENT

FIGURE C-5
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EFFECTS OF DEFLETIONS ON WATER QUALLTY

6l. During periods when inflow to the main stem reservoirs is
average or better, increased consumptive use will not seriously
affect water quality. It is the protracted drouth periods which
impose the greatest stress not only above Sioux City but in the

lower river as well. Such drouths adversely affect reservoir water
quality in two principal ways: first, by lowering the ratio of flood
inflow to total flow, and second, by lowering reservoir releases and
increasing retention time in the reservoir. The first factor is
independent of depletion levels; flood flows, with their relatively
low concentrations of dissolved solids, tend to improve water

quality; their absence is felt at all depletion levels,

62, The second factor, increased retention time is affected both
by drouth and by depletion level, since both work to reduce the
amount of water available for release from storage. Longer retention
times will have significant effects primarily at the three smaller
reservoirs, Big Bend, Fort Randall and Gavins Point. Using Fort
Randall as an illustration, the time required to discharge a volume
of water equal to the reservoir storage is:
) Retention Time In Months
with 1970 Depletions with Ultimate Depletions

Normal Inflow 2 3-1/2
Drouth Inflow 3 9

63. One consequence of longer retention time is an increase in
the productivity of the epilimnion -- greater density of primary
biota with the possibility of taste and odor problems. Another is
an increase in reservoir stratification -— more frequent and long
lasting thermoclines. This can result in discharges with very low
amounts of dissolved oxygen, since the power intakes at all three

projects are located near the bottom of the lake.

64, Total dissolved solids (TDS) are an important index of water
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quality. Although drinking water standards commonly set 500 mg/l

18 the desirable upper limit, many basin water supplies exceed that

limit by several fold. Average values in the Missouri, however,

have ranged from below to only slightly
the growth of streamflow diversions and
in return flows carrying high levels of
expected to change. The Missouri River
work Study projected conditions for two
area, Williston, North Dakota and Sioux
been confirmed by EPA as being the best

they are presented in graphical form in

above this criterion. With
the corresponding increase
TDS, this condition may be
Basin Comprehensive Frame-
points within the study
City, Iowa. These data have
projections avallable today;

Figure C-7. It should be

noted that these are average values; during drouth periods, higher

concentrations will occur due to the absence of flood flows.

Figure C-7
CHANGE IN TDS WITH DEPLETION GROWTH
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EFFECTS OF DEPLETIONS ON THE ENVIRONMENT
65. Clearly the future of the Missouri River is one of declining

streamflow, with some uncertainty about the exact rate of decline
but with an "ultimate" possibility of reducing today's average annual
flow at Sioux City by more than 40 percent —— to 12 million acre-
feet per year. Projections of the geographic distribution of these
added depletions indicate that flows at Fort Peck and upstream will
be reduced only to a minor extent -— perhaps 15 to 20 percent.
Downstream of the Yellowstone, however, the impact will be very
similar to that experienced at Sioux City, with reductions in flow
ranging from 35 to 45 percent.

66. Reduced Iinflow will be reflected in lower average lake levels,
Criteria governing operation of the three largest lakes place some
priority on holding stored water upstream; this is reflected in the
amount of lake lowering at Fort Peck, Garrison and Oahe projected to
average 10, 16 and 30 feet, respectively. Lake Francis Case ele-
vations are expected to range from three to six feet lower than at
present as a result of a different operating requirement. Early
winter reductions in lake level as system releases decrease are
scheduled to improve power generation. Lake Sharpe and Lewis and

Clark Lake levels are expected to be unaffected by changes in water

supply.

67. The bilological consequences of these depletions have not been
studied in detail; therefore, only a generalized evaluation can be

presented here,

68, The range of reductions in volume at Fort Peck Lake, Lake
Sakakawea and Lake Francis Case attributable to future depletions
described above should have little change in the lakes' biocoenosis.

A recognized major limitation to a more diverse and stable aquatic
community in theses three lakes is the almost total lack of a vegetated,
stable lictoral habitat, This condition is expected to persist into
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the future. Lake Oahe has a similar limiting habitat condition that
will remain unchanged by future depletions of the lake ﬁolume.
liowever, Oahe lake waters interface with numerous areas of sand and
gravel deposits which function as walleye (and to a much lesser
extent, sauger) spawning grounds. A 30-foot reduction in the lake
level will expose many of these deposits causing a significant re-
duction in walleye spawning sites. Although a reduction in volume
is not expected to occur at Lake Sharpe or Lewis and Clark Lake,
reduced inflows to both lakes will significantly increase the flow-
tirough time (greater retention time of the lake water). This will
permit a longer time for the extraction of nutrients by producer
organisms and a longer time for this foodstuff to be available to
the fish. In addition, fish hatched in the upper reaches of the
lakes or in the river above the lakes will have a longer time in
which to achieve sustained, directed mobility and, thus, keep their

larval forms from being ~arried through the lakes to the river below.

69. Reduced average annual flow in the open river reaches between
Garrison Dam and Lake Oahe and Fort Randall Dam and Lewis and Clark
Lake can be expected to have its greatest effect on restricting

1ish spuwning migration from the primary river channel up tributary
streams because of insufficient water depths at the tributary mouth.
The frequency and amplitude of river stage fluctuations will not
change appreciably from fluctuations caused by peak power generation
under non-depletion water conditions; the time period of zero or
near zero releases, however, will be extended. This will pernit
greater opportunity for fish to become stranded in small pools or
pockets of water thus making the fish more vulnerable to desic~
cation, and to avian (bald eagle primarily in winter) and mammalian
predation. Reduced average annual flows will cause the adjoining
land water table to lower. The effect anticipated is a change in
the native vegetation community which will favor the more xeric
plants. This changed condition can be expected to lead in a number

of areas to conversion from native, miscellaneous plant communities
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to terrestrial crop production.

70. Tne biological eféects of reduced average annual flow gener-
alized above will also apply to the river reach between Gavins Point
Dam and Sioux City, ILowa, except that the effects associated with
zero and near zero flow in the upper open river reaches would not
occur. In additfon, there should be opportunity for production of
organic matter in the space between the low, non-navigation flow
channel and the shoreline of the navigation flow channel during the
fall and spring of each year. The produced organic matter, at least
a great portion of it, would be incorporated into the aquatic eco-
system by the navigation flow and become drift material. This po~-
tential foodstuff (drift) would be available in this reach of the
river, and contribute to the allochthonous material in the river

downstream of Sioux City, lowa.

EFFECTS OF DEPLETIONS ON RECREATION
71. Reduction in lake surface elevation at Fort Peck, Lake Sakakawea,
Lake Oahe and Lake Francis Case should have little overall effect on

public recreation opportunities. Associated with the lowering of the
pools is the migration of the lakes' upper reaches downstream; this
situation will be most pronounced at Lake Oahe, There, the upper

end of the lake would move to approximately fifty miles below Bismarck,
North Dakota, placing Beaver Creek public use area at the lake's ex-
treme upper end. General Sibley Park, Hazelton public use area, and
Fort Rice public use area would no longer be lake orlented. Although
recreation activities at these areas would be altered, there should

be little overall loss of public use, Some boat ramps and swimming

beaches might require extensions riverward to continue their usability,

72, Continuation of the Missouri River navigation project would
probably become infeasible when average flow past Sioux City fell to
the range of 14 to 15 million acre-feet per year, but today's pattern
of releases from Gavins Point of 25,000 cfs or more for at least some
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part of the ice iree season (most probably in early summer) would
occur in about one year out of two., 1In other years, differences
between summer and winter flows, as well as their absolute magnitude,
would be markedly smaller than they are today. During protracted
drouth periods, bothk summer and winter discharges from Gavins Point
can be expected to average close to 6,000 cfs under ultimate de~
pletion levels, These effects will be observable at Sioux City and

well downstream.

73. Recreation opportunities in the Gavins Point-Sioux City reach
would be little affected when Gaving Point releases approximated
25,000 cfs during the summer months. However, during the years when
summer releases were significantly lower (down to a floor of 6,000
cfs) a material reduction in public use could be expected. The recre-~
ational actlvities associated with areas of sand bar and shallow
water during the 25,000 cfs flow condition could not be accommodated
in the 6,000 cfs, low fiow channel. Swimming, sunbathing and fishing
are the dominant uses that would be affected by a reduction approach-
ing 50 percent during the lowest flow year. Therefore, an estimated
25 percent loss of public use could be attributed to the reduced
average annual flow of the Missouri River in the reach between

Yankton and Ponca State Park.

Consumptive Use Alternatives

74, The instream functions discussed above are insensitive to the
mix of consumptive uses which result in depleted streamflow. The
magnitude of that depletion and the locale of its diversion fix the
extent of its impact on the stream, lowever, if more water is with-
drawn than is consumed, return flows can have an effect on water

quality. Subject to these qualifications, the interaction of con=-

sumptive uses and the evaluation of various mixes of - to be specific
irrigation and industrial consumption, are confined to their effect
upon one another; it does not matter to power generation or recreation
or navigation whether total depletions result from three million
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acre~feet of industrial use and seven million acre~feet of irrigation

or alternatively from one million and nine million acre-feet.

75. There does, of course, exist the possibility that some instream
use will attain such a high public priority as to limit the sum total
of consumptive uses. Instream flow minima to maintain fish popu-
lation might decree a revision of the example just cited; instead of
industry and irrigation competing for shares of ten million acre-
feet in depletions, society could opt for only five million to be
available, with the rest reserved to flow down the river. Admittedly
this does not reflect the past trend in water resource development;
the concept is, however, receiving increasing support today. None-
theless, formidable obstacles stand in the way of early implementation
of any extensive program to preserve instream flows., Most western
law expresses an opposite emphasis - that of encouraging and codify-
ing the rights to beneficial consumptive use. The 0'Mahoney-Millikin
Amendment mentioned earlier is an example of legislative preference

for consumptive, rather than instream, water use,

76, Aside from the possibility that changing values could affect
thelr combined scope, irrigation and industrial use can interact in
one of two ways:

® There may be enough water to fill the foreseeable require-
ments of both functions, This will be recalled as the condition de-
veloped in the Framework Study and updated by the Ad Hoc Committee
on Water Marketing.

® There may be less than enough water to meet the full demands
of both functions. This is the future to be deduced from the State~
Regional projections, which predict 14,7 million acre~feet of de-
pletions by the year 2000, of which less than 500,000 acre-feet are

actributed to manufacturing, mining, and steam—electric plant use combined.

77, If there 1s less than enough water to go around, the extreme

possibilities are, on the one hand, that irrigation be allowed to
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use all it possibly can, with industry getting the residue; on the
other, industry could be fully supplied, with irrigation taking
what 1is left., Between these two limits, of course, lies a wide
range of possibilities for joint sharing in the water supply and in

the shortage.

8. Many of the factors influencing local preference as to the
industrial-agricultural mix have little to do with national or
regional economics. They range from opposition to social upheaval
i35 shanty towns bloom around a mining or construction area, to
possible loss of the agricultural base if stripped lands are not
adequately reclaimed, to the threat of environmental degradation of
land, air and water. In point of fact, some of these impacts are
materializing without the commitment of water resources, through

export of strip-mined coal by unit train.

79,  To the extent that economica play a decisive role in allocat—
ing a limited water supply between industry and agriculture, industry
clearly comes out the winner. Table C~1 compares effects of three
coal-using industries and the strip mines themselves with the alterna-
tive of agricultural use. Another basis for comparison is the wvalue
of the coal or crops produced by committing the same water resource,

1,000 acre-feet per year.

80. The Framework Study found that irrigation would increase the

1/

yield of corn equivalents ='by 53 bushels per acre, Using current
normalized commodity prices pubiished by the Water Resources Councii,
these equivalents may be converted to gross annual cash value of
$2.42 /bu x 53 bu/acre x 526 acres = $6,750 per 1,000 acre-feet of

water per year.

1/ Corn equivalents are determined by multiplying each crop by its
current normal price and then dividing by the current normal
price of corn,
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Table C~1 - ECONQMIC AND SOCTAL EFFECTS OF WATER USE
FOR LNDUSTRY AND FOR AGRICU..TURE 1/
PER 1,000 ACRE-FEET OF WATER PER YEAR ~

Permanent Direct and Indirect Asscssed 3 Coal
Employees Population Valuation Millions of Tons
Williens of Dollars
Thermal Eicctric £ 6.2 To 25.7 39 To 100.7 31.45 To 14.29 0.15 To 0,64
Geperation 1,000 MW
2
Casification (Lurgi)‘_l 61.2 To 178.9 382 To 1118 9,89 To 28.55 G.68 To 2.00
250 willicn cu. ft./day ’
Liguefaction {Solvent 136.4 B54 22.73 3.2
Refired Coul} 100,000 bbla/day
Slurty Pipellue 4 +25 2.03 1.33
25 miliflon tona/year
Strip Mines 30 812.5 15,61 4,36
10 million tons/year
4f

Itrigation —~ 5 31 0.12 N.A.

1/ Seurce (except irrigation); COAL DEVELOPMENT ALTERNATIVES . . .y D. D, Freudenthal, P. Ricciadelll,
and M. N, York, Wyowing Department of Ecomomic Planning and Development, December 1974, :

2/ Estimuted water use per plant ranges [rom 7,000 to 29,000 acre-fe t {or thurmal generation; 4,750 to
13,900 acre-feet for gasifiecation; 11,000 acre-feet {dry cooling only) for liquefaction. Ranges
vary with cooling procesas: once through, cooling ponds, dry cooling, or wet cocling towers. Ranges
in the table reflecr these ranges in warter use and associated plant,

3/ Assessed valuation based on 25 percent of total expenditures for thermal generation, aad liguefaction
facllivbes; 23 percenc of maTkat valua of feclpation lund.

4/ Irrigation: 1,000 acre-feet of water for 526 acres @ 1.9 acre-feat/acre; 160 Lrrigatad acres par farm;

1.5 esployed per farm; irrigated acre market value @ $1,000/acra,

81, The Northern Great Plains study reported a mine-mouth cost of
$2.70 a ton for coal. The yield of 1,000 acre-feet used for thermal
electric generation at the poorest water effective rate in Table C~1
is 150,000 tons of coal or $400,000. The value of the energy gener-
ated would be many times that amount but so, of course, would the

necessary capital investment.

82, Some comments have also been made to the effect that diversion
of water from the main stem system to use in the production of thermal
energy is unwise since it results in a reduction of hydro-power
generation., The ratio, however, of thermal kilowatt hours gained to
hydro-power kilowatt hours lost exceeds 6,000 to i. Evidently, the
national energy budget is best served by making water available to

serve the needs of thermal power generation.

Effects Outside Study Area

83, Although the southerly limit of the study area is Sioux City,
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lowa, the effects of upstream withdrawal extend far below that point
and their impact must be evaluated, The following sections discuss
the effects of growing depletions, up to the "ultimate" of 16.3
million acre-feet, as they will affect navigation, water quality,

water supply, recreation and the environment.

NAVIGATION

84, Under present operating criteria, average Sioux City flows as
regulated to serve navigation have a maximum target of 31,000 cfs;
any flow in excess of that is either to make up for deficient lower-
basin inflow or to evacuate flood storage. The minimum flow is
25,000 cfs; when main stem storage drops too low, water is conserved
by shortening the season length rather than by cutting streamflow
below 25,000 cfs. Similarly, there are no plans to support a navi-
gation season of less than four months, Commercial navigation was
not in being during the drouth of the 1930s and, consequently, no
hard evidence exists as to how long the industry would endure a
succession of curtailed seasons. The assumption has been made,
however, that barge operators could not afford to mobilize for a
season shorter than four months. The effect upon navigation of
growing main stem depletions thus is felt first as a reduction in
rate of flow; after the flow bottoms out the next effect is a shorten-~
ing of season, and finally, navigation releases are eliminated

entirely.

85, One way of quantifying this effect is to define reduction in
service to navigation as being identical to reduction in average
annual flow. On this basis, if service to navigation under 1970
conditions is taken to be 100 percent, each new depletion of 1,000,000
acre-feet will reduce navigation service by eight percent. With
ultimate depletions, then, service to navigation would be 20 percent

of the 1970 level,

86, While curtailment of flow can increase operational problems
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such as dredging cost and time lost in grounding; it is not in

itself an obvious indicator of the increasing number of shortened
seasons. During these shortened seasons, barge operators cannot keep
their equipment on the river no matter how great their willingness to
endure operational problems. TFigure C-8 shows how the percentage of
full and near-full length seasons declines as depletions increase.

1t is apparent from these curves that dependability of the barge
transportation system deteriorates rapidly once depletions exceed 13
million acre-feet. In about one year out of five, it is evident that
gystem inflows are sufficient.to provide a full season even with
ultimate levels of depletion. It is equally evident that in more
than half the years this level will not provide enough water for any

navigation service at all.

WATER QUALITY
87. Future quality of water in the Missouri River downstream of the

study area will be affected not cnly by the upstream depletions which
have been discussed at some length, but also by depletions from the
tributaries below Sioux City. While growing depletions are cutting
back the average annual flow of the Missouri River at Sioux City from
the 1970 level of 22 million acre-feet per year to an ultimate level
of 12 million, the flow at Hermann - lowermost gaging station on the

river - 18 projected to decline by some 15 million acre~-feet, half

again the size of Sioux City's reduction in flow.

88. The impact of these reduced flows in the lower river on total
dissolved sclids will be less critical than might first appear, accord-
ing to projections from the Framework Study. Figure C-9 repeats

Figure C-7 data on Sioux City data as a base and also shows three
downstream stations which indicate modest reductions in TDS down-
stream of Omaha. Attainment of these reductions at Kansas City is
rendered somewhat problematical, should recent projections for heavy

irrigation use of the Platte and Kansas Rivers materialize.
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NUMBER OF YEARS AFFECTED IN PERCENT

FIGURE C-8 NAVIGATION SEASON CURTAILMENT
CAUSED BY STREAM DEPLETION
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Figure C-9
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89. Other principal water quality parameters show an opposite geo-
graphic trend, with quality declining in a downstream direction,
Major sources of pollution historically have been sewage effliuent

and urban and agricultural runoff, The chief violation has been that
of coliform level, with isolated instances of inadequate dissolved
oxygen also recorded. The latter have been identified from obser-
vation of resultant fish kills and typically have been caused by a
"slug" or concentrated point discharge of contaminants high in BOD.

90, Whether water quality in the lower river remains tolerable in
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future years obviously depends much more on the development of treat-
ment facilities than it does on the growth in depletions. Increases
in population and in industry without corresponding improvements in
treatment can severely depress dissolved oxygen levels downstream
from Omaha even at teday's flow levels. If, however, present levels
of point source loadings can be brought closer to the "zero-discharge"
goal, future depletions will result in conditions no worse than those

observed today.

LNVIRONMENTAL EFFECTS
91. Future depletions will have two effects of environmental con-

cern: lowered water levels and the associated threat to water
qualicy,

® Projected water levels will significantly reduce or elimi-
nate the few remaining backwater éreas downstream from Sioux City.
These areas normally exhibit high primary productivity compared to
the main channel of the river and are the chief locale for fish
spawning, benthos production, and overwintering for reptiles and
amphibians.

® Lowered water levels will create difficulty for fish at-
tempting to reach spawning areas in tributaries, particularly the
shallower tributaries. This, in conjunction with the partial de-
watering of the tributaries will make spawning difficult resulting
in decreased fish populations.

® Furbearers such as muskrat and beaver will show population
declines due to habitat loss associated with the drying up of the
backwater areas, However, the encroachment of flood plain vege-
tation into these areas may offset part of the loss and increase
the habitat value for other maumals.

® Even assuming that additional treatment facilities keep

"upsets" or

nace with additicnal effluent loadings, the chance for
accidental pollutant slugs is always present, Lesser flows mean

lessef dilutive capacity; resultant increases in oxygen demand will
pergist longer in space and time. As a result, it is reasonable to
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expect somewhat more frequent and severe fish kills,

® Although TDS values below Omaha are proiected to exceed
drinking water standards by only a modest arount on the average,
during drouth years substantially higher values may be expected.
This can affect fish populations due to increased osmotic pressure
particularly at the egg and larval stage., Changes of this type are
generally tolerated by specles such as the carp and bullhead while
such as walleye and sauger exhibit considerably less tolerance, De-
tailad knowledge of species response to many dissolved solids is

unknown; thus, quantative impacts remain to be evaluated.

RECREAT LON

92, From Ponca, Nebraska, to its mouth the banks of the Missouri
River have been stabilized and from Sioux City downstream the river
has been channelized for navigation. Reductions in streamflow along
these reaches would lower river stages but would not alter the sur-
face area of the river to any significant degree. River recreation
today 1s made up primarily of bank fishing, pleasure boating and
asgociated shore~based activities such as picnicking and camping.
These activities center around the numergus private and public river
access points. None of the major recreation activities would be
eliminated by reduced annual flow; nor is it anticipated that any of
the river access areas would be put out of commission. Probably,
some boat docks and boat ramps would require extension or relocation

to accommodate the lower stages,

Activities Prerequisite to Allocation of Water

93. Preceding paragraphs have discussed the past and present water
supply, bracketing assumptions regarding the rate of future depletions,
the ultimate limit to which these future depletions could be allowed
to grow, the effect such depletions would have within and beyond the
study area, and the competing jurisdictions which aspire to regulate
Missouri River uses. Additionally, it has been explained why this
study contains no attempt to establish an optimal allocation of water
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use or of regulatory responsibility. This section will summarize

the steps which must be taken when the time of hard decision making

can no longer be put off,

DETERMINING PRIGRITIES OF USE

94, Use of Missouri River water in future years may follow some

comprehensive plan aimed toward accomplishment of predetermined
objectives, or like Topsy and past administration of water rights,
it may just grow. The doctrine of first-in~time is first-in-right
prevails in all four of the States in the study area. Although a
broad system of social preference may be superimposed on this doctrine
of prior appropriation - use of water for domestic purposes ranking
first, for example - it has only academic interest so long as there
is enough water to accommodate all would-be users. Since encugh
water from the main stem reservoir appears probable at least for
several decades, the only test which applicants for a water right
would then have to meet would be that of beneficial use. This pro-
cedure also common to the four States, has at least one merit: it
1s straight-forward and timely, allowing quite expeditious approval

or denial of propcsals for water use,

95. The alternative of a comprehensive plan requires agreement on
the individual priorities to be given to a broad spectrum of uses.
Federal, State, and local agencies and private entities must inter-
act to resolve such considerations as these:

® Is encouragement to industry desired?

® Is.large~scale mineral development desired?

® Do social considerations make reservation of water for
irrigation "better” than industrial development, regardless of the
relative dollar benefits?

® Is it time to preserve benefits associated with instream
uses such as recreation and fish and wildlife by putting limits on
congumptive use, again regardless of relative dollar benefits?

® Where are the specific points of balance between industry
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and irrigation, between instream and consumptive uses?

96, These difficult political questions are still far from resolved.
Much deliberation in Congress, State legislatures and courts must en-
sue before a comprehensive set of priorities is adopted to regzulate
future water use. Particularly important and particularly troublesome
will be incorporation of the flexibility to assign new priorities and
shift old ones in response to the advent of new needs for water, Until
these steps are accomplished, the obvious disadvantage to the compre-
hensive approach is inaction and delay in the development of water

resources.

ESTABLISHING MARKETING POLICIES

97. Present arrangements for marketing industrial water from the
main stem reservoirs are temporary. The Memorandum of Understanding
between the Secretaries of Interior and Arwy, which Bpelled out interim
procedures, expires 1 May 1977, It has been challenged by State
interests as failing to develop authority for Federal sale of water
and failing to reflect State viéﬁs on designation of marketing
agencies. In addition to these two issues, still other questions
arise concerning appropriate charges to be made:

® Should the price of irrigation water and water sold to
industry be the same, except for Federal irrigation projects' statu-
tory utilization of interest-free money?

® Is it realistic to reallocate costs of a 30 to 40 year old
system to establish the price of water by conventional separable cost
analyses?

® Is it reasonable to sell storage space rather than water
in a system of six tandem reservoirs with more than 50,000,000 acre-
feet cf multi-+purpose storage?

® Should some fraction of the alternative cost less benefits
foregone serve as the basis for pricing, even though this might re—
sult in differing charges to users from the same reservoir?
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98, It is apparent that both in the area of priorities and social
preference and in the area of marketing policy, conflicts of inter—
est exist which are beyond the ability of a single agency to re-
solve. If this report succeeds in focusing attention on the need
for such resolution and on the steps along the way toward meeting

that need, it will have accomplished about all it can.

Status of Existing Plans and Improvements

99. In addition to the main stem reservolr system which has already
been described, there are in being other improvements or plans affect-
ing water resource development in the study area. They need identi-
fication to the extent that they might affect the formulation pro—
cess in this report. Several are plans or commitments which the

Corps itself is pursuing under authorities other than this study;

the remainder will be itemized as activities of other agencies.

Corps of Engineers Activities

100. Under Section 32 of the Streambank Erosion Control and Demon-
stration Act of 1974 two of four specified demonstration areas in
the United States are located on the Missouri River, in the reach
between Fort Randall Dam and Sioux City, and in the reach below
Garrison Dam. The intent of this program is to develop a demon-
stration of structural means for contrelling bank erosion with a
view toward identifying the most cost effective techniques. HNine
speclific sites, which are respongive to the intent of the Act, have
been selected —— three each in Nebraska, South Dakota, and North

Dakota. Construction is scheduled for completion during FY 1978.
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101. Since they first filled sufficiently to utilize their flood
control storage zones (in 1965 and 1968, respectively,) Garrison

and Oahe reservoirs have been the subject of complaints by landowners
adjacent to project boundaries. In a number of instances, surveying
errors during establishment of the original boundaries have indeed re-
sulted in impoundment of flood waters on private property., An ad-
ditional problem became apparent when the basin's largest runoff
volume of record occurred in 1975, Moderately high inflow to Oahe
coincided withh an unusually high Oahe pool level., The result was
lowland flooding and swamping which affected about 3,000 acres of
private land between the project boundary and the old highway bridge
at Bismarck., Ongoing studies aimed at remedying these deficliencies

are being conducted under existing project authorities,

102, Compensation under the Fish and Wildlife Coordination Act of
1958 for losses occasioned by the construction and operation of the
Missouri River main stem reservoirs is limited to Oahe and Big Bend
by the effective date of the law. Mitigation actions to be imple-
mented for the North Dakota portion of Oahe have been authorized and
are presented in Senate Document No. 91-23, but no land acquisition
has been accomplished because the Governor of North Dakota and the
Congressional delegation have withdrawn support., The Corps of
Engineers is processing (1976) a report recommending certain miti-

gative actions for the South Dakota portion of Oahe and Big Bend.

103, On 24 February 1975 the Secretaries of Interior and Army entered
into a Memorandum of Understanding pertaining to the six Missouri
River nmain stem reservoirs, 1Its stated purpose was "to expedite the
use of water for energy development . . .;'" its term was set at two
vears. During that time:

The Secretary of Interior was to determine the amounts of
water presently excess to future irrigation needs.

® The Secretary of Army was to determine how much of this

excess could be made available to industry.
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¢ The becretary of Interior was designated as having lead
agency responsibility in contracting ror the marketing of such water

and for complying with the National Environmental Policy Act.

Activities of Other Agencies

104, A 1974 study by the Bureau of Outdoor Recreation addressed the
potential of the Lewis and Clark Trali, which stretches from St. Louis
to the mouth of the Columbia River and follows the Missouri River
across the entire area ot this study, for classification under the
National Traills System Act (Public Law 90-543)., It was concluded

that a National Historic Trail classification should be added to

the provisions of the Act, and that the Lewié and Clark Trail should
be included in that category. Management would be by the agency most
closely associated with a given portion of the trail. No legislation

has yet been intreduced.

105, The Charles M. Russell National Wildlife Range and the UL Bend
National Wildlife Refuge are managed by the U. S. Fish and Wildlife
Service. Both areas are located in northeastern Montana, adjacent
to Fort Peck Lake. The purpose of the wildlife refuge is to provide
nesting, resting, and feeding habitat for ducks, geese, swans, and
other migratory birds. The game range emphasizes management of
resident wildlife species, as well as migratory waterfowl. Wilder-
ness proposals for the refuge and game range are presently before
Congress, At the Charles M. Russell Wildlife Range the proposal
covers L5 areas totaling 161,000 acres ~ about 15 percent of the
total range. Congress has called for a mineral survey of the range
to be conducted by the U. S, Geological Survey before action is
taken on the bill. The UL Bend wilderness proposal comprises about
21,000 acres - about half the refuge. It has not been acted upon

by Congress.

106. A 1975 study by the Bureau of OQutdoor Recreation examined the
Missouri River from Fort Benton, Montana, to Ryan Island for inclusion
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in the National Wild and Scenic Rivers System, The segment from
Fort Benton 149 miles downstream to Robinson Bridge, known as the
Missouri Breaks, has been so designated by PL 94~486, The Bureau of
Land Management will be the principal managing agency.

107. During 1975, the U, S. Fish and Wildlife Service completed

more than a decade of study of fish population dynamics at the four
lower-most reservoirs., Documentation of these studies will be com~
pleted by 1977. Investigations and research are ncw shifting from
South Dakota to North Dakota and Montana, F&WS's work in Fort Peck
Lake and Lake Sakakawea is related to energy development in these two
8tates. Limnological and fish reproduction studies will be done in
those portions of the lakes most directly affected by mineral resocurce
development. State agencies have also conducted extensive studies

at the lakes.

108. A 1968 study by the Bureau of Outdocor Recreation recommended
establishment of a National Recreation Area consisting of the lower
five main stem lake projects. The Corps of Engineers was recommended
as the managing agency. Bills to establish the NRA were introduced
in the 90th and 91st Congress (1968 and 1969), but were not brought
out of Committee. A similar proposal was brought before the Missouri
River Basin Commission in 1974, with the thought that indorsement
might stimulate favorable reception by Congress. Again, however, no

action was taken.

109. The Lake Audubon National Wildlife Refuge is located on a sub~-
impoundment of Lake Sakakawea, The entire lake was originally per-
mitted to the U, S. Fish and Wildlife Service for management; the
northern half was subsequently licensed to the State for management,
The refuge is managed primarily for migratory birds, though enough
deer and antelope are produced to allow limited big game hunting.

110, The Little Missouri National Grasslands, Custer National
Forest, abut a portion of the Lake Sakakawea Project in North Dakota.
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This is the McKenzie Rangyier District, 503,047 acres in size.

111, Land acquisition is underway at the Knife River Indian Villages
I"ational Historle Site located at the confluence of the Knife and
Hissouri Rivers about 14 miles downstream from Garrison Dam. The
tlational Park Service has acquired 135 acres in fee and final acqui-

sition will total approximately 1,300 acres in fee and easement.

.12, The Garrison Dam National Fish ilatchery is located below the
«am near Riverdale, North Dakota, The hatchery produces northern
pike, walleye, smallmouth bass, rainbow trout, cohe salmon, and Lake
trout for distribution in western Norch Dakota and northwest South

hakota,

+13. The Garrison Diveriion Unit, North Dakota-South Dakota, an
clement of Pick-Sloan Missouri Basin “rogram, is located in central
and eastern North Dakotz and northeas:cern South Dakota, The initial
stage will provide a full water supplvy for the irrigation of 250,000
wcres, presently dry farned, with ultimate development potential of
itbout one million acres. Water for 1rrigation and the various other
rurposes will be diverted from Garrissn Reservoilr into a regulating
veservolir on a drainage divide betwee: the Souris, James and Sheyenne
rivers, From there, water will be distributed by canals and laterals
a8 needed. 7The plan provides for res<toration of Devils and Stump Lakes
for pollution abatement, municipal and industrial water, recreation,
conservation and enhancement of fish and wildlife, and flood control.
Fstimated completion dataes for initial water use are the early 1980Ts;
vight-of~way acquisition and releocatisns are about 20 percent com-
plete, Initial diversion from Garrison Reservoir is expected to aver-
age B71,000 acre-feet per year, most of which would leave the Mis-
souri Basin, Ultimate annual diversion may run 2,600,000 acre-feet,
~t this writing the proij:ct has been subject to administrative and

‘tegislative review for continued funding.

"4, Lake Pocasse National Wildlife 2efuge, located on Lake Oahe
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near Pellock, 5D, consists of 2,540 acres of land and water, and is
managed for migratory waterfowl. The southwest portion of the lake
has been developed for recreational activities and is leased to the

City of Pollock for management,

115. The Oahe Unit-South Dakota is another portion of the Missouri
Basin Frogram subject to review at this writing., Initial plans call
for full irrigation service to 190,000 acres adjacent to the James
River in Spink and Erown Counties. A municipal and industrial water
supply of nearly 27,000 acre-feet will be provided from the canal
system for 17 municipalities. Fish and wildlife areas will be estab-
lished and recreation areas developed. The total initial diversion
from Oahe will be 444,400 acre~feet; ultimate plans are for irrigation
of 495,000 acres of dry land with a corresponding increase in water use.
About 13 percent of the right-cf-way has been acquired; initial relo-
cations are scheduled for FY 1977. A 20-yearrconstruction period is

projected.

116, Utilizing funds donated by the 7-Eleven Food Stores Division of
Southland Corporation for the purpose of preserving eagle roosting
habitat, the National Wildlife Federation acquired 818 acres in fee

and 305 acres in conservation easement along the right bank of the
Missouri River extending from two to nearly six miles below Fort Randall
Dam, These tracts included portions of the Fort Randall Eagle Roost, a
location listed in the National Registry of Natural Landmarks. In 1974
the Federation turned the lands and interests over to the U. S. Fish and
Wildlife Service as an additiorn to the National Wildlife Refuge System.
The Karl E. Mundt National Wildlife Refuge is now administered by the
USF&WLS office at the Lake Andes National Wildlife Refuge,

117, The Gavins Point National Fish Hatchery is located northeast
of the Gavins Point Dam near Yankton, SD, The hatchery produces
northern pike, walleye, paddlefish, yellow perch, channel catfish,
rainbow trout, lake trout, and brown trout for distribution in
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South Dakota, Nebraska, and northwest Iowa,

1i8. ZEarly in this centcury, Montana l'ewer Company started harness-
ing the Missouri River in the vicinity of Helena and Great Falls,
liontana by installing hydro-power plants. Two power plants are
located near Helena at Hauser and Holter dams with a combined in-
stalled capacity of 55.4 mw. Below Great Falls five power plants
with a combined capacity of 193.4 mw have been constructed at Black
Eagle, lhainbow, Ryan, Morony and Coclhirane dams. In 1954 the Bureau
of Reclamation completed the two million acre foot Canyon Ferry Dam
upstream of Helena for irrigation and hydro-power, over 20,000 acres

of land are under irrigation; installed capacity is 50 mw,

119. The Nebraska Public Power District is procee&ing under a
Foderal Power Commission Preliminary Fermit to prepare an appli-
cation for a license for a hydroelectric power plant referred to as
the Boyd County Pumped Storage Project., The site is located adjacent
t> the Missouri River on the right bank about 15 miles downstream
from Fort Randall Dam. Ia-service dates for the facility are depend-
ent upon further studies >f alternatives but a general time frame is
estimated for the period 1983 to 1991, The proposed project would
consist of an upper reserveir, located on the bluffs of the Missouri
River; and a lower reservoir located oun the bottomland adjacent to
the river. Maximum statie head would be about 435 feet and minimum
head would be about 349 feet. The upper reservoir would be developed
b constructin; an earth-7ill dam across a natural drainage ravine.
The lower reservoir would be developed by construction of dikes
approximately 40 feet high on the alluvial plain between bluffs and
river., Complete drawdown of the upper reservoir would be equivalent
to 18,400,000 kilowatt-hours. Reversible pump turbines in 6 or 8
units would be sized at an estimated one or one and one-third million
kilowatts, respectively, :o utilize the head differential in con-
verting off-peak to on-~peak power. Water required initially to
operate the facilities and water required to replace that lost through
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evaporation ind secpage would be supplied by a pumping station lo-
cated adjacent to the lower reservoir dike. Water supply to the

pumping station would be provided via an intake channel from the

Missouri River,

Flood Problems

120, Since completion of the main stem dams, residual problems

and opportunities associated with flood control have not been ex-—
tensive in the reach from the headwaters to Sioux City, covered
under this study. Power plant discharges during periods of down-
strear ice formation have created overbank flow on occasion in the
Oahe headwaters below Bismarck. Below Fort Randall where channel
capacity has been diminished by delta formation, flooding and also
waterlogging have occurred in five of the last elght years. Reso-
lutions by the Public Works Cemmittee in 1960 and 1962 suggested the
opportunity to provide flood control, as well as other nmultiple~
purpose uses, by constructing reservoirs above Fort Peck and between

Fort Peck and Garrison.

121. Runoff volumes during 1975 have already been described as the
largest of record in the basin above Gavins Point. Regulation of
these flood flows led te record high storages and moderately high
releases. Some consequences previously described were flooding
near Bismarck as well as below Fort Randall, and flooding of some
private lands within flood control and surcharge zones, The result
was a number of suggested changes in reservoir operating policy

made by individuals who saw an opportunity to reduce undesirable
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cffects upon their own property.

Navigation

122. Navigation traffic on the Missouri River utilizing diesel-
powered towboats between Kansas City and the mouth dates back to
i915; in 1935 operations were extendei to Sioux City. Since that
time there have been numerous expressions of interest in extending
the navigation project to Yankton and beyond, possibly terminating
as far upstream as Fort Benton, The desire for low cost trans-
portation of agricultural products stimulated project support dur-
ing the early years; more recently, a search for the most economical
exploitation of the vast coal reserves in Wyoming, Montana and
Horth Dakota has sparked a companion Interest. Opportunities range
in scope from extending the head of navigation to Yankton, an ad-
ditional 73 miles, to adling more thai a thousand river miles

necessary to reach Fort Benton.

Waterlogging

123. Three locations within the study area have been identified

‘Where a rise In the grouadwater table has impaired usefulness of
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the laid - sometimes only intermittently - for agriculture or for
human osccupancy. Two of these were nentioned in the discussion of
flooding problems: the Fort Randall-lliobrara reach and the area
downstream of Bismarck, The third area, which has a history of
waterlopgging problems even though overbank ilissouri River flows have
not be:xn reported, is in the Buford=-irenton Irrigation District,

located just downstream of the mouth of the Yellowstone River,

Bank Erosion

124, sank erosion along the Miszouri Kiver is as old as the river
itself; only the form and intensity have varied as man has altered
the historical environment of the river. An understanding of the
historic past provides the linkage to the current situation and thus

provides the necessary basis for possible iuture action.

The Present River Regime

125, A great deal of data has been ovbtained over tie years in the
way of aerial photographs and ground observations relative to flow,
stage, sediment load and nature of the channel itself. Thus, infor-

mation is very briefly sumnmarized in the following paragraphs.

UWIVER GTAGLS

126. Since construction of the dams, essentially all river stages

in the open river reaciies downstream from the dams have been confined
within the chiannel below the high river banks. ilxceptions are: the
10-mile reach upstream from the iiobrara River, where backwater from
lhiobrara River delta deposits into the Missouri River channel have
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caused swamping during the higher than normal releases from Fort
Randall Dam; the 29-mile reach downstream from the Yellowstone

River which 13 subject to floods from the Yellowstone; and short

reaches near the mouths of the Milk, Knife, Heart, Bad, and Vermillion

Rivers, which are subject in occasloral years to flooding from tribu-
tary runoff, There is essentlially nco flooding in these reaches as

a resuit of releases from the reservoirs, except for the 10-mile
reach above the Niobrara, This includes power peaking releases and
flood control releases as rare as lO0-year exceedance frequency.

This 15 in contrast to pre-dam conditions when overbank flooding

occurred practically every year.

SEDIMENT LOAD
127. 'fThe Missguri River reservoirs trap virtually all incoming sedi-

ment load and release clear water, Sediment loads In the downstream
reaches, therefore, consist of bed material load derived from the
river ved, and bed material and wash load derived from eroded river
banks. Tributary inflows make occasional contributions of short
duration, This is in contrast to pre-dam conditions when relatively
high sediment loads, contributed from upstream, were transported
througn the reaches, Furthermore, during times of flood, some of
the sediment load had the opportunitv to deposit and form new flood
plain lands, which is not now the case with the reservolrs in oper-

ation. Annual deposition in the lakes is jziven in Table B-15.

VALLEY DESCRIPTION
128, The river valley geometry is summarized in Table C-2, Except

for the reach below Gavins Point Dam, the river occupies a sub-
stantial pronortion of the valley wilith between bluffs. Within the
narrow valley, the river channel crosses from side to side, alter-
nately hugging one bluff contact or the other. In the wider valley
below Gavins Point Dam, the river channel is more free to migrate

and has formed the c¢lassical alluvial river meander pattern. Figures
C~10 through C-16 show the river chainel locations in the years 1890,
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1944 aid 1974 in Gavins Point to Ponca reach. Tt is apparent that
in the past &5 years the river channel has continually migrated
within a mearder belt of one to three miles in width.

TABLE C-2

MIGHOURL VALLEY GLOMETRY
IN OPEN RIVER REACHLES

River Channel Percent Valley
Open River Vallev Width Between Occupied by
Reach Length Width Itigh Banks Channel

Miies Miles Feot Percent

Ft. Peck to

Garrison 190 3.1 1,100 7
Garrison

to Oahe 87 1.7 2,100 25
vahe to

Lig Bend 3 0.6 1,000 30
rt. Randall to

Gavins Point 43 i.4 2,100 30
Gavins Point to

Ponca state lark 58 7-10 2,500 7

VALLIYY LAND USE

129, The usc of valley lands landward fron the higi river banks is
predominately agricultural. Much of the remaining forest in the river
bottoms is as yet uncleared land adjacent Lo the river banks. At
several locations roads and bridge approaclies near the river are
threatened by bank erosion. In all the reaches there is a continu-
ing trend, stimulated by the virtual elimination of flooding, for
private hiomes and recreational facilities to be constructed along

the Dbanks.

THE RIVER CHANKEL

130. The total river channel area between high banks is occupied
by three characteristic arcas, the normal :'low channel, high sand
bars, and isiands. 'The normal flow :zhannei lies in a sandy bed

that has been degrading slowly since closure of the upstream dan.
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Figure C-10 GAVINS PQINT DAM TO PONCA STATE PARK, NE,
HISTORICAL CHANNEL LOCATIONS -~ RIVER MILE 804-811
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Figure C-11 GAVINS POINT DAM TO PONCA STATE PARK, NE.
HISTORICAL CHANNEL LOCATIONS ~- RIVER MILE 796-803
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Figure C~12 GAVINS POINT DAM TO PONCA STATE PARK, NE.
HISTORICAL CHANNEL LOCATIONS -- RIVER MILE 788-795
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Figure C-13 GAVINS POINT DAM TO PONCA STATE PARK, NE,
HISTORICAL CHANNEL LOCATIONS -- RIVER MILE 780~787
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Figure C-14 GAVINS POINT DAM TO PONCA STATE PARK, NE.
HISTORICAL CHANNEL LOCATIONS -~ RIVER MILE 770-779
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Figure C-15 GAVINS POINT DAM TO PONCA STATE PARK, NE.
HISTORICAL CHANNEL LOCATIONS == RIVER MILE 760-769
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Figure C—-16 GAVINS POINT DAM TO PONCA STATE PARK, NE.
HISTORICAL CHANNEL LOCATIONS —- RIVER MILE 751-759
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As it degrades, it also meanders between high banks and is split
into multiple channels by sand bars and islands. In a continuation
of typical alluvial channel processes, valley islands adjacent to
the high banks are eroded and converted to river channel. DBetween
the high banks, bar areas give way to the channel and channel areas
become bars. Main channels fill in to become inactive chutes, and
secondary channels open up to become main channels. The location
of the normal flow channel continually shifts in response to these
processes, resulting in a gradual widening of the area occupied by

channel, sand bars, and islands.

DEGRADATIOQN RATES

131. A special study was made of the normal flow channel in the
degrading reach downstream from Gavins Point Dam to Ponca State
Park, Nebraska. Plate C-1 compares profiles of the water surface
for 30,000 cfs, of the channel thalwep, and of the nean bed, for
year 1955 when Gavins Point Dam was closed and for year 1974, The
total degradation during that period, as indicated by lowering of
the water surface, varies from 7.5 feet just below the dam to three
feet about six miles downstream and continues at three feet on down-
stream to Ponca State Park. The rate of degradation just below the
dam has been about 0.3 feet per year. Lateral shifting of the
normal flow channel location is illustrated in Plates C-2 through
C~5, which compare 1955 and 1974 channel cross sections in the
reach, These cross sections were analyzed to determine how the di-
mensions of the normal flow channel have changed during the period
while it was shifting laterally and degrading vertically. Plate
C-6 compares the water surface width and the mean water depth for
1955 and for 1974, at the various river ranges from Gavins Point
Dam downstream to Ponca, for the portion of the river channel below
the stage for 30,000 cfs which has been a normal discharge during
the navigation season., Plate C-6 shows that neither the water sur-
face width nor the mean depth are appreciably different between
1955 and 1974. This seems to indicate that in spite of the shifting
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o  the channel location and the continaing degradation of the water
surface and the river bed, the dimensions of the normal flow channel
have tended to remain about the same. On the other hand, the river-
ine area between high banks has steadily widened due to high bank

e-osion,

SAND BARS AND ISLANDS

132. The high sand bar areas are 10 to 15 feet below the tops of
high banks. Their surface ranges from bare sand, to small willows,
£, a more mature vegetative succession, depending on the elevation
of the tar above the normal range of water levels and how recently
tne bar was deposited. Over a period of several decades all bar
areas between high banks are potentially subject to being destroyed
by the shifting channel, only to be replaced by deposition in other
locations. Islands are areas about as high as the high banks,
separated from the high banks bv river channels or sand bars. Table

C-3 provides data on the principal islands in each reach:

TABLE C-3 DATA ON ISLANDS IN OPLN
RIVER REACHES

humber of Total

Reach _Islands Acres

Fort Peck to Garrison 5 1,600
tarrison to Oahe 3 850
(ahe to Big Bend 1 100
fort Randall to Gavins Point 7 1,800
(avins Point to Ponca Stute Park 2 2,000

[

The banks of the islands are subject to ercsion just as the high

tanks adjacent to valley lands. The islands have been eroding over
the years and will continue to erode and eventually disappear unless
Jreventive measures are taken. In the erosion process the high lands
on the islands are converted to river channel and high sand bar areas.
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The Bank Erosion Process

133. In the natural river prior to the construction of the reser~
voirs, there was balance over the years between the destruction of
valley lands by erosion of the high banks .nd the building of new
valley lands by sediment deporited during the floods. This pro-
cess resulted in a continual rniigration of the river channel within
the Missouri River Valley as illustrated by Figures C-10 through
C~16 for the Gavins Point reach. Due to tlie balance between the
erosicn and the deposition processes, however, there was no long

term ret loss of high valley lands,

134, Since the dam closures, the operation of the reservoir system
has eliminated both the flood: and the sediment that were essential
for the bullding process. On the other hand, the erosion of high

banks continues., Consequently, bank erosion results in a permanent

net loss of high valley lands that are never replaced elsewhere in

the valley as in the era before the reservoirs. High valley lands
are being converted to river channel and sand bar areas, while the
width between high banks continues to widen. This process, unless
halted, would eventually transform the present river into a wide

area of sand bars and channels, occupying an increasing proportion

of the valley width between bluffs,

BANK PROSION RATES {

135. Aerial photographic surveys taken over the years have been

analyzed to obtain estimates of valley lands lost in each reach.

The estimates include only areas that were judged to be suitable for
cultivation, for building sites, or for municipal or recreation
facilities. They do not include the erosion of sand bar areas or
low vogetated areas adjacent to the channel and riverward of the
high civer banks. The results of the post-dam period are summarized
in Tasle C-4 which shows the total loss of valley land in each reach
since dam closure, The variations in bank erosion rates with dis-
tance downstream from Fort Peck, Garrison, Fort Randall, and Gavins

Point Dams are represented in Table C-5, Figure C-17 shows graphic
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comparisons of total valley lands lost to erosion versus distance
lownstream from the dam for the Garrison, Fort Randall, and Gavins

'oint reaches.

TALLE C-4 TROSION GF VALLEY BOT10M LANDS SINCE DAM CLOSURE

Erosion Losses Since lvgure Lorimared Tucure Liwses
Hilez of Total Acros Per Acres Per
Miles of Eredible Acres River liile Acres River Mile
Open River Baakline Pericd Lost Per Year Per Year Per Year
Caving Poinc Dam Lo I 103 1955-1975 3740 3.50 200 3.72
Jonea Szate Park, WE
Milas 752,9-806,3)
“src Randail to Niobrara 6.3 56 1952-1975 1083 1.29 30 0.83
Llilew B4, 71=E450;
3Lz Bead Dam te Fort 0 None 63-1975 Hone Nene Yone Nene
Wandall
Gahe .o 2i: hend 5 1 1956-1975 seglts)  Nesli- 2 ey
(MISes 137:.3-1067.3) gible ~ gibla <~
5arrisen L.m to Eismarck 79 109 1953-1975 1772 1.01 75 G.95
niles 1315-138%)
Furt Peck Jam to the Mouth 190 368 1937-1975 T445 1.03 130 G.69

of the Yellowstong River
{Miles 1537.1-1771.6)

4/ Ereslen in this reach Is concentraced in one area, where a poctencial loss of 100 acres cxists over the
ekt 59 years.

136. The results of all aerial photograph comparisons for both pre-
dam and post-dam periods in the reaclies downstream from Garrison,
Fort Randall, and Gavine Point Dams are presented in Tables C-6
through C-8, These data indicate that erosion rates since dam
closure have been substantially less than pre-~dam rates in the
Garrison and Fort Randall reaches. 7This has not been the case in
the Gavins Point reach for probable reasons that will be discussed

in paragraph 147.

137. Only one aerial ptotographic comparison (years 1938 and 1975)
was made for five sample subreaches in the 190 miles of river below

Fort Peck Dam. The results are shown at the bottom of Table C-4.

138. in the five-mile 1each downstream from Oahe Dam, high bank
crosion has been negligible to date due to a long bluff contact on
the left and a long mid-channel bar on the right that has buffered
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TAI.LE C-5 EROSION RATES W.TH DISTANCE DOWNSTREAM FROM DAMS

Miles 3elow Dam Existing Power Erosion Rate
Peakin:; Fluectuwations, Ft Acres/Mile

Be low Gavins Point Dam (1959-1975)

0 to 20 Jdone 42.4
20 to 40 None 75.4
40 to 58 None 100.5
Be-low Fort Randall Dam (1953=1975)
0 to 10 11.0 - 6.7 17.4
10 to 20 6.7 - 5.4 41,9
20 to 30 5.4 - 3.2 19.4
30 to 36 3.2 - 2.5 24,7
Below Garvrison Dam (1966~ 1975)
0 to 20 LO'S - 4.5 800
20 to 40 4,5 - 1,5 22.0
40 to 60 1.5 - 0.8 20,5
60 to 79 0.8 - 0.5 18.0
Below Fort Peck Dam (1938-1975)
32 to 47 2.0 - 1.5 10.5
51 to 75 1.5 - 1.0 18.0
83 to 93 Negligible 11.0
120 to 142 Neglipible 26.0
166 to 187 Negligible 29.0

tie riyht bank from the main flow. This situaticn is shown on
Plate :-20. In recent years, iowever, the sar has eroded at the
downstream end, which is bringing under attack about one mile of
the ripht bank along the upstream outskirts of Fort Pierre. It is
estimated that the situation, if not corrected, will result in the
loss ol about 100 acres over the next 50 years. This is reflected

in the future estimate shown for the Oahe reach in Table C-4.

139. study of aerial photographs from over the years reveals that
bank erosion does not occur uniformly along the erodible bank lines
at the average rates indicated in Table C-4. Within each of the

open river reaches the destruction of land in any one year is usually
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“Lyppure C-17
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Total Acres Lost Upstream to the Dam
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TABLE C-6 MISSOURI RIVER BANK EROSION LOSSES 1/
GARRISON DAM T0O BISMARCK, WORTH DAKOTA —

Total :rosion Erosion Rate FErodible

PEE?PdW, Time, Years Loss, Acres Acras/Year Bankline, Mi—j
1938-1946 8.0 1394 174 139
19461954 8.0 2167 271 139
1954-1456 2.0 215 108 139
1956-1458 2.0 183 92 139
1958-1460 1.8 192 106 139
19601464 4,2 155 85 139
1964~168 4,3 271 63 132
1968-1972 4.0 265 66 130
1972-1474 1.7 134 79 111
1974-1475 1.1 76 69 109
Pre-Dan Conditions
1938-1954 16.0 3561 222 -
Pogt-Dam Conditions
1954-1%975 21.1 1592 80 -

1/ Reach extends between 1960 river miles 1310 to 1389, for a total
distance of 79 river miles.

2/ Figures represent actual miles of erodible bankline between river
miles 1310 and 1389, and deducts for bluff contacts (19 bankline
miles) and areas protected by bank stabilization works constructed
since 1964,
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TABLE C~7 MISSOURI RIVER BANK EFROSION LOSSES

FORT RAWDALL DAM 70 NIOBRARA, NEBRASKAL/
Total Erosion Erosion Rate
Period Time, Years Less, Acres Acres/Year
1946-1953 7.0 945 135
1953=-1956 3.1 246 79
1956-1961 5.0 290 58
1961-19066 5.0 . 230 46
1966-1969 3.3 128 39
1969=-1974 4.8 ill 23
1974~1975 1.1 52 47
Pre=Dar. Conditions
- 1946-1957 7.0 945 135
Post-Dam Conditions
1953-1975 22,3 1058 47

i/ The study reach extends between the mouth of the Hiobrara River
to Fort Randall Dam, 1960 river niles 343.7 to 880, for a total
distance of 36.3 river miles, Sixteen (16) bankline miles of
the reach are in contact with high bluffs (4.5 miles on the
left bank and 11.9 miles along the right bank).
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Pre~Dam Conditions

TABLE C-8 MISSOURI RIVER EANK EROSION LOSSES

Period

1933-1945
1945~1956
1956-1969
1976-1972
1972-1974
1974-1975

1930~-1956

Post-Dam Conditions

1956-1975

GAVINS POIN[ DAM TO PONCA, HEBRASKA l/

Total Erosion Erosion Rate

Time, Years Loss, Acres Acres/Year
15,00 3062 204
11.00 2179 198
10.33 1656 160
2.67 7184 293
1.83 448 244
1.08 277 257
26,00 5241 202
18.99 3570 188

The study reach extends between 1960 river mile 752.6 (Ponca
State Park, Nebraska) to river mile 806.3, which is approxi-
mately one~half mile upstream from Yankton, South Dakota, for

a total distance of 53.7 river miles. Tour (4) miles of the
above reach are in contact with high bluffs, The reach between
river mile 806.3 and mile #11.1 (Gavins Point Dam) is not in~
cluded in the above figures.
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:oncentrated over a few thousand feet of bankline in one or a few
locations. These locations of active erosion shift from place to
rlace from year to year. Although the long-term annual acreage
loss ip each reach can be estinated, it is not possible to pin-
point specific locations and make future erosion predictions, What
can be predicted is that over the years every stretch of erodible
sankline is potentially subject to active erosion. This 1is borne
out by Figure C-18 in which the accumulative plots at Fort Randall
tend toward straight line fits after over 20 years of bank erosion

experlence,

140, From the point of view of the individual riparian landowner,
this erosion process is not a predictable and consistent annual
occurrence, but represents a rcal threat that in any given year he
may suffer a major loss and disruption of his operations. The elimi-
nation of the annual flood threat has encouraged a more intensive use
of these lands, therefore, private investments in such improvements
as sprinkler irrigation are continuing to rise. Any erosion or

neandering of the channel causes major problems and complaints.

141, The continuing threat of bankline erosion is a particular pro-
hlem for those activities where proximity to the river bank is either
Jdesirable or necessary. These include irrigation intakes, summer
omes, and recreation facilities. The trend toward all these develop-
ments has accelerated with the elimination of the flood threat,

[he preservation of forest land is of special concern since much of
~he remaining uncleared woodlands in the lMissouri River bottoms are
concentrated near the river banks. In planning the use of riverside
areas it is difficult to make an allowance for bank recession on
iccount of the unpredictability and non-uniformity of the process.

in the Gavins Point reach, for example, the future erosion rate
~stimate presented in Taole (-4 translates into about 15 feet of

»ank recession per year, if the average rate were uniformly applied.
«n reality, however, a stretch of bankline might remain stable for
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Figure C-18
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years and then cut back several hundred feet in one season.

142, Txamination of the data in Tables C-G, C-7, and C-8 proves
that bank erosion was a natural occurrence under pre~dam conditions
and has continued since the dam closure, \‘lhat is different under
post-dam conditions is that erosion losses of valley lands are no
longer replaced, This permanent los: of high valley lands and their
conversiion to low sand bar areas is clearly the consequence of con-
struction and operation of the Missouri River System. The loss 1is
particularly significant in the Dakotas where the !lissouri River
valley between high bluffs averages (mnly about 1-1/2 miles in width
and where there remain cnly a few mijes of bottom lands that are not

inundated by the main stem dams.

FUTURE EROSIOH RATES

143. Based on the interpretation of trends indicated by the data

in Tables C-6, C-7, and C-8, future bhank erosion rates were predicted
for the Garrison, Fort Randall, and Gavins Point reaches. These
results were used in estimating future rates for the Fort Peck and

Uahe reaches. The results are shown in Table C-4,

EFFECT: OF POWER PEAKIN(; ON BANK EROSION

144, 'The question arises whether power peaking has accelerated

bank erosion. The evidence is that it has not, except for an
initial adjustment in bank slope thar will be discussed below.

Table C~5 summarizes observed rates »f bank erosion over periods of
many years at various distances downstream from Fort Peck, Garrison,
Fort Randall, and Gavins Point Dams. Table (-5 alsc shows the
present range of power peaking fluctuations at the various distances
downstream from the dams other than Fort Peck; Similar information
is presented graphically in Figure C-17 which plots cumulative land
losses against distance downstream from each dam. The present range
of powar peaking fluctuations is als) plotted against distance down-
strean on Figure C-17., Figure C-18 is a similar plot for the Fort
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Randall reach only, comparing land losses for the period 1953 to
1956 while the turbines were still being installed, with the
period 1966 to 1975 when the powerplant had full peaking capability.
Study oi Table C-5 and Figures C-17 and C-18 indicates that:

® Bank erosion rates have been greatest below Gavins Point
Dam where there have been no appreciahle power peaking fluctuations.

® Downstream from Fort Peck, Garrison, and Fort Randall Dams
the bank erosion rates near the dam are no greater than overall
rates in the reach, although the power peaking fluctuations have
been greatest at the dams and have decreased in the downstream
directim. This can be seen in Figure C-17 where a straight line
fitting an accumulative plot indicates the average uniform erosion
rate through 2 reach, while a plotted slope flatter than the
straipght line fit indicates an erosion rate less than the average.

@ Dovnstream from Fort Randall Dam Figure C-18 indicates that
the land losses for the four-year period 1953-1957, while full
power peaking capacity had not boen installed, were nearly as great
as for the ten~year period 1966-1975 when tlie Fort Randall power
plant had full power peaking capabilicy. '
It is concluded that power peaking has not significantly affected
on-going bank erosion rates, except for the initial adjustment in

bank slope.

145, Although power peaking has not affected on-zoing bank erosiom
rates below the Missouri River dams, the rapidly fluctuating stages
have caused an initial recession of the high bankline due to in-
stability of the upper bank slopes. Figure C-19 illustrates the
observed effect of daily fluctuation in the river water level on
the slope of the bank profile., Within the range of fluctuating
water levels, the bank material slumps to form a relatively flat
slopin; berm. This is an adjustment to achieve slope stability
under the regimen of daily seepage and drainage of water into and
out of the saady bank material. Above the maximum limit of the

water .evel fluctuations the river bank is cypically vertical.
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Jnce thils bark configuration is formed in response to the regimen

f fluctuating river levels, it remains retatively stable until con-
ditions are upset, either by riverbe¢ scour that undermines the
sloping berm, or by a cltange in the rattern of water level fluctu-
ations. If the maximum level of the fluctuations increases, the
vertical bank will slough to extend the sloping berm to the higher
clevation. The resultant loss of lard adjacent to the vertical bank
is illustrated in Figure €-19, Downstream from Fort Peck, Garrison,
and Fort Randall Dams it has been observed that the slope of the
tanks wvithin the verticsl range of the power peaking fluctuations

low averages about 1 on 10, vectical to horizontal.
Pipure ©=19 LFFECT ON B.aNK PROFILE OF ADDITIONAL POWER PEAKING STAGE
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146, Townstream from Garrison Dam where increased power peaking
capacity but no reregulation of fluctuating releases is proposed,
the extended ranges of daily stage fluctuations are expected to in-
duce new adjustments in bank slopes at elevations above the present
maximum stage. Assuming the bank adjusts to a stable slope of 1 on
10, vertical to horizontal, and utilizing computed increases in
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power peaking stage fluctuations at various distances downstream
from thie dam, it has been estinated that the increased peaking
capacity would induce a new loss of about 190 acres adjacent to
about 04 miles of erodible bank line in the first 40 river miles
below rhe dam. These would be one-time losses, occurring during

the first months when the new power peaking regimes go into effect.

PRINCII’AL. FACTORS AFFECTING BAJK EROSION

147. ¥or conditions on the Missouri River there are probably
several factors more significant thar power peaking fluctuations
that affect bank erosion rates below the dams:

® Water Supply Although the river reach below each dam has

about rhe same slope and about the same bed and bank material,
there ire slgnificant differences in the comparative volume of
vater woved, affecting the intensity of bhed movenents and, there-
fore, the attack on the banks., The long-term average releases
from Fort Peck, Garrison, and Fort Randall are 33 percent, 83 per-
cent, and 93 percent, respectively, of the Gavins Point release,

® Bluff Contacts Flow along long bluff contacts tends to

stabilize the channel alignment and reduce bank erosion rates.
The Gavins Point and Fort Peck reaches have little bluff contact,
comparaed with 24 percent of the channel length in the Garrison
reach and 44 percent in the Fort Randall reach lving against the
bluffs on one side or the other,

® Armoring bEed armoring contributes to channel stability by
reducing the intensity of bed sediment movements. This might be
one explanation for the reduced rates of bank erosion in the first
five to ten miles below each dam where the degradation and the
segregation process are accumulating an arior layer at the bed
surface,
The reasons for the substantially greater erosion rates below
Gavins Point compared with the upstream reaches is probably the
asreater discharge, coupled with little bluif contact downstream
from Yankton.
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148. "he prccedinpy parigraphs have outlined the nature of the
arosion problem in physical terms berore and after construction of
the Main Stem Reservoir System. There is no doubt that the reser—
voir system has altered physical conditions or that the nature of
bank erosion in terms ol consejuences has been significantly altered.
similarly, the reservoi:r system itse'f constitutes a system of dam
and reservoir elements integrated nycraulically, hydrologically, and
e¢lectrically, Accordingly, thes river channels connecting these ele-
ments are also inseparal le components of the total system, It is

not lojrical to view ther as sejarate and discrete increments with

problens derived from tie rest of the systeri,

149, “he Congress has in at least three legislative actions espoused
a policy of cxamining system effects in toto rather than pilece-meal.
bections 122 and 216 of the 1970 Flood Control Act affirm the Con~
pressiocnal policy that cetrimental eifects of projects should he
evaluated and mitijated to the greatest extent possible and that in
the wake of project completion revieus may well be in order to remedy
problems that have arisen., In more direct action, the Congress has
recognized the erosion problems associated with the Missouri River
system through authoriz:tion of remecial measures in the 1963 Flood
Control Act, PL 88-253, by Section 3. of PL 93-251 and by Section 161
of PL 94-587, the Water Resources Development Act of 1976,

150. This rather lengthy discussion of bank erosion problems has

been presented in order to provide the basis for formulating remedies
presented later in this report. In essence, bank erosion issues
addressed in this investipation are not separable problems to be
addressed in the manner which would be appropriate during conventional
water resource formulation. The preponderance of the evidence and

the expressions by the (ongress place this problem as an integral

part of an existing larfe reservoir rxystem and solutions eventually

must bccome a part of the systems management and operation.

Appendix 1
C-75




Hydro-Power

151, ‘'‘he power output of the {issouri River main stem hydro plants
is marl:eted on a wholesale basis by the Bureau of Reclamation
througiout a marketing area apnroximating that of the Mid-Continent
Area Reliability Coordination Agreement (MARCA). Membership in
MARCA (s made up of all electric utilities serving bulk power
supply requirements of eastern Moutana, the entire States of North
Dakota, Nebraska, Minnesota, and lowa, western Wisconsin, and most
of South Dakota except for a small western portion., The Bureau is
a member of this group of utilities, all of which are strongly inter-
connected and operate on a coordinated basis to interchange power,
share reserves, and assist eac) other in emergencies, Thus, main
stem hvydro-power is an integral part of the power supply for the

ITARCA Region.

Current Development
152, Pertinent data for the generating units presently operational
at the six main stem dams are given in Table B-15; two Bureau

projects in the Basin alsc have hydro-power installations,
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Cnergy

Hameplate 7/75-6/76
Nunber of Units Capacity - MW Million KWH
Corps of Engrs 36 2,048 14,527
tureau of Reclamation
Canyon Terry 3 50 508
Yellowtail 4 250 1,327
Subtotal 7 300 1,835
System Total 43 2,348 16,362

153, The 197% net generation in the MARCA area was 79,897,000 kwh,

tources of this generation were:

Coal -~ 40% Huclear - 257
0oil - 2% Hydro - 25%
Gas -~ BZ Other —~ negligible

Projected Demand

154, Projected power necds in the MAICA Region are prepared annu-
ally and submitted jointiy by the member systems to the Federal
Fower Commission pursuant to FPC Docket R-362, The most recent pro-
jection was submitted in April 1976 and covers the time period 1976-
1995, MARCA system peak loads are projected to increase during this
time period from approximately 16,000 megawatts in 1976 to nearly
48,500 megawatts by 1995, Assuming that required fenerating capa-
bility includes a 15 percent reserve nargin, approximately 37,500
negawatts of new capacity will have to be added within the MARCA

legion during the next 20 years.
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155, iome of the requirced new capacity is aow under construction,
but mu.h remsins to be committsd. Baseload requirements can be

met by coal-fired or nuclear steam—clectric plants, intermediate
loads »y conventional hydro or older steam-electric stations, and
peak 1hads by hydro plants of the conventicnal or pumped storage
type aid by combustion-turbines. The outpit of the Missouri River
main stem hyc¢ro plants can be utilized to rferve a portion of the
future intermediate and peaking load requirements. In addition,

it has been estimated by the FPC that apprcximately 1500 megawatts
of new pumped storage could be utilized throughout the MARCA Region
in the period 1980-1985 and arother 4500 megawatrs during the
perioc 1985-994. Projections provided by the Flectriec Power Survey
Committee of the Ldison flectric Institute. Octoder 1975, indicate
that the dis-ribution of net jeneration would approximate the

Tollov ing by 1985,

Coal - 63% Nuclea~ = 26%
oi1r - A Hydro - e
Gas -~ negliyible Other ~ negligible

3cheduled adlitions within the MARCA area as of October 1975 in-
clude 20 conventional thermal steam turbin: generators of 9,703 mw;
one miclear steam curbine uni: of 1193 mw; two gas turbine gener-

ators of 88 mw; and four hydraulic conventional units of 45 mw,

Instream Sites

156, Ihe study reach between Sioux City, Iowa and Three Forks,
Montana has a fall of 2,925 feet in a distance of 1,583 miles.
Forty percent of this drop occurs in the first 200 miles, between
Three Forks and Great Falls, Montana. A third of this is developed
by Federal, State, and private pover, recreation, and water supply
dams. From Great Falls, Montana downstream to Sioux City, lowa,

is a civer reach 1,375 niles long with a total fall of 1,720 feet.
Based on manimum cperating pcol elevations of the six main stem
dams in the reach about half of this head is still undeveloped —-

a potential source of additicnal hydro-pover. In addition, four
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of the six main stem dans have a total of 15 flood control tumnels
which could he modified to Accommodaie turhines, Although little
additional energy would be obtained l.y this wove, substantial in~

creases in capacity could be developed,

Adjoining Pumped Storage Sites

157, Uplands adjacent to the existing main stenm reservoirs provide
early unlimited Onportinities to develop head for pumped storagpe
hydro-power, Representative lhead dit'ferentials available in the
various. reaches are tabilated below,

Approximate Adjoining ilead
Left tank Right Bank

'roject (feet) (feet)
Fort P¢cic 700 95()
sarrison 300 350
Jahe 200 250
Big Bend 400 350
Fort Randall 450 700
Gavins Point 250 250

Recreation, Fish and Wildlife

158, Rz2solutions by the Public Works Committee in 1966 and 1967
called for examination o: the possibiiities at Oahe and Fort Randall
For providing Sﬁbimpounduents prinariiy for recreation and fish and
vildlife preservation. e origin of this interest was local concern
that fluctuating lake levels and high waves would seriously limit

use of the lakes for boating, water skiing and fishing. The other

majOor concern was perpetvation of the northemn pike as a trophy
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tish i1 both lakes -- the fish that was, in thosc years, responsi-

Lie for attracting a significant share of the lakes' visitors.

159, The northern plke did indeed provide a trophy fish in both
l.ake Gahe and Lake Francis Case. This specles has all but disap-
peared from the lakes, due primarily to the almost total lack of
acceptable spawnlng and nursery areas (water areas 3 or 4 feet
deep, stable bottom supporting a good growth of rooted aquatic
vegetation). Also, the food (forage fish) of the northern pike in
the lakes 1s of limited quantity. To the extent they could circum—
vent these two problems, subiwpoundments would improve conditions

at the lakes.

160, Concern over detrimental impacts of the open lakes upon
recreational boating have since proven to be largely unfounded.
Fluctuations have not been as serlous as suspected. An operational
change in Lake Francis Case levels has helped at that project.
Studies made in updating both projects' recreation master plan have

not revealed any significant demand for subimpoundment recreation.

16l. Une problem which does affect the quality of reservoir recre-~
atlon is sedimentation, Significant siltation has occurred in
several boat basins and boat ramp locations at public use areas.,
Serious problems have been documented at 20 out of a total of 65

public use areas investigated.

162, As mentioned in paragraph 106, a reach in the upper end of
the study area has been designated as a component of the National
Wild and Scenic Rivers Svstem. This reach, known as the Missouri
Ereaks was designated by PL 94-486, Ancother area with designation
potential was identified in an unpublished report completed in 1971
by the Bureau of Outdoor Recreation, "Missouri River — Gavins Point
Dam to Ponca State Park," Recreational values include the river's
historical significance, the largely natursl state of the channel
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e the opportunities for beating and vildlife ebservation,

163, The 346,000 neres of prosoct lands surrounding Fart Peck Lake
e corsidercd Dy the citizens of nortiwastern Montana as one ol the
epicons outstanding reer-cation potentials, maude even rore attractive
'y the further adjacent Federa' sropesals fpara. 105 and 100)., A

wed recurrently mentionsd is the addition of nore all-wveather roads

to project lands where piblic use arcas exist or are designated for

‘uture development.

i64, GStatewide Compreheasive Uutdeor Recrcation Plans for Hontana,
iorth I'akota, South Daketa and !llebraska attest to the proposition
that public access to the open !issouri River rcaches is desirable.
vhis need is largely unmet as of today, This status of river access
vas verified 1n a letter from lorth Dakota Game and Fish Department ,
Tuly 1972, commenting on the draft environnental impact statement
covering the fissouri Kiver bank stabilization work between Garrison
dam and Lake Oahe authorized by PL 88-253 and L 90-483. iir. John
1jelle, Bismarck Tribune editor has also reported on the interest

nf Bisrarck citizens in developing recreational opportunities on

the Missouri River.

Improvements Desired

165. During the week of 28 June 1976 four public meetings were
ield across the study area, The following paragraphs recapitulate

pesitions expressed duriiy the meetings,
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Bismarck, ND

166, 125 persons attended the meeting; 24 made statements,

® 13 porsons identified bank erosion as a serious problem
and cilled for stabilization .mstalled and maintained at Federal
cxpense

® 4 spokesmen for utilizies and 1 for USBER indorsed ad-
ditional hydro—power

® 5 persons were conceried over waterlogging or flooding

® 3 said fluctuating releases would make irrigation difficult

® 3 people wanted better recreation - primarily river access

® 1 objected to extending the navigation project above Sioux
City

® U. S. Fish and Wildlife Service said changes in tailwater
would detract from the fishery and that rising water table would
necesitate relocating the Garrison fish hatchery.

® A consultant to Burleigh County, wanted the Corps to give
the County written assurance that additional power would cause no
waterlogging. He questioned Co~ps' ability to provide "soft'" bank
protection and particularly questioned the cost estimate. lis
preference was complete stabilization similar to the lower Missouri.
To avoid another Niobrara, the Corps will have to canalize the river
from 10 miles above Bismarck into Oahe Reservoir to nulify effects
of the Oahe delta. The Corps has a duty to indorse emergency bank
protection legislation now being drafted by North Dakota Congress-
ional delegation.

® Dircctor of Hydroleogy for North Dakota State Water Commission
said aggradition helow Bismarck (Oahe delrta) has raised the water
tabl(. His interpretation of our plans was that we propose to buy
Buford-Trenton, to which he objects. lle wants the Coxrps to study
or to fund dorth Hakota to s:udy (1) the hydrologic budget; (2) a
hydrologic model to predict system response; (3) predictions of
future aggradation and (4) recommended methods to control aggra—-

dation,
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Great Falls, Mont,.

167. &0 attended the meeting; 17 presented statements,

® 12 utilities and USBR advocated more power

® | opposed oxtension of the navigation project

® Department of latural Resources amd Conservation (Montana)
found the plan to install only vne upit and observe its environmental
rffects unacceptabie. ihey feit either one or twe units without re-
regulation will increase erosion and bother irrigators, They asked
turther study of rerenul ation.

® liontana Department of Fish ard Game, assumed increases in
rower | lant discharge would result ir increased velocity and erosion.
The Corps plan has provided no hydrology on flow regimen, no trans-
ussior plans, no specific locations of future erosion and no miti-
sation proposals., The Lepartment is opposed to plans to observe
affects of one unit.

e U, 5, Fish and (ildlife oppoced eizher one or two units with-
Gt rerepulation. Preference among the conditions given them for

tvaluation is two units with a reregilation dam at river mile 1766,23

with adjacent lands managed for habitat. However, they thought

there was merit to a plen consisting of one unit with reregulation,

Pierre, SD

168, 75 attended Lhe meeting; 18 pnresented Statenents,

® 3 utilities and USPR indorsed pover

® The Mayor of Gregory and two others enphasizaed the need to
add water supply and irrigation to tle Gregory pumped Storage project.

® 6 pecple spoke to non-Lorps concerns such as the Oahe di-
rersior project, pipelines to Wyoming, private irrigation problems,

® Secretary of the Department ¢f atural Resoufce Development
south Iakota said his board indorsed power at Fort Randall and
sregory County with priority to the latter, and with municipal and
irrigation supply added.

® Administrative Assistant to senator Abourezk said the Senator
likes the erosion control and recreation river proposals. Hydro-

power is complex and controversial; edditions must not damage the
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Karl Mindt Wildlife Refuge. DPumped storage at Gregory Countv
should have first priority. A though the Curps is not able to re-
solve vater use issues among Foderal and Stite interests in this
study, such resolution must be reached soon.

@ U. S. Fish and Wildlife expressed concern that additional
units at Fort Randall will destroy the fishery. If that is so,
they oppose tne units. Bank s-abilization must restore the natural
character of the river, not canalize it as was done below Sioux
City. Fish aad Wildlife supports the recreition river concept.

The Corps made a mistake in dropping all punped storage except
Gregory County.

® South Dakota Department of Environmantal Protection said
Corps information is very limited. The stuldy has no water quality
information. DEP takes issue vith the statzment that no serious
erosion exists between Oahe and Fort Randall, and that no adverse
effects will stem from pumped storage. The Corps should remedy
the problem above the Niobrara. DEP wishes to be assured that NEPA
was used as a decision making tool,

® South Dakota Game Fish and Parks said hydro-power at Fort
Randall would be disastrous to the downstream fishery because of
excessive fluctuations in stage and velocity., It would flood more
lands and degrade the Karl Mundt refuge. Gregory County was dealt
with lightly by the Corps; pumped storage should be thoroughly
evaluated. ‘he bank stabilization concept was applauded, but it
should await completion and evaluation of fec. 31. GF&P tentatively

agreed to the recreation river concept.

Yankton, SD
169, 155 attended the meeting; 22 spoke.

® 3 utilities, 2 communities, and USLR advocated additional
power.

® Soutlh Dakota Fnvironmental Coalition, Minnihaha Sportsmen
and Conservation Club, Northeast Nebraska Wildlife Federation,
Nebraska Chapter of the Wildlife Society and Dakota Environmental
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;ouncll indorsed the Recreation River plan,

¢ Six others advocited bank stabilization

@ Two investor—-ownad utilities objected to the praference
zlause

'. lowa Public Service said scouring of the bed at Sioux City
results from Corps' reservoir cperation and should be addressed,
Reduced winter releases are a second problem, The Corps is pPropos-
ing to generate in an ar=a of power surpluses,

¢ Nebraska Public Power Nistrict said the Corps ought to give
consideration to letting others use the Missourl River lakes for
pumped storage operation,

® llayor of Springfield was disappointed that locals did not
1ave a major role in conducting the study. He asked the Corps to
do something about the delta and swamping near Springfield.

¢ Sloux Falls asked that water quality be preserved for

wunlcipal use.
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SECTION D

FORMULATING A PLAN

1. Establishment of Principles and Standards for Planning Water
and Related Land Resources by the Water Resources Council in 1973
has produced a rather explicit set of concepts and objectives
applicable to plan formulationm. Almost every Federal agency deal-
ing with water resources has indorsed these concepts by issuing
expository rules of its own; the Corps of Engineers is no exception.
There is, consequently, a voluminous and widely available literature
documenting the objectives of national economic development and
environmental quality, and the processes to be cbserved in seeking
their attainment. A detailed recitation of these procedures here

is not necessary; by Lxecutive Order, compliance from Federal

agencies is required "as appropriate.” Y

2, Application of P&S concepts, to be fully appropriate, requires
the ability to seek without undue constraint the path of economic
efficiency, the path of environmental quality, and the best melding
of the two. This complex procedure would be simplified if plans
could be formulated by drafting every element on a clean page -

with no past-due obligations cluttering the ledger sheets. Not every
element of this study can be so treated. The main stem system pre~
dates by several decadés the Principles and Standards; concepts

which prevailed during its formulation have faced the test of

1/ Line 3, Standards for Planning Water and Related Land Resources
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operation. Some residual opportunities have been identified; some
residual problems have surfaced. The next two paragraphs discuss
how this background can result in formulation procedures somewhat
different than application of the Principles and Standards would

lead to in an unconstrained setting.

3. Sections 122 and 216 of the 1970 Flood Control Act affirm Con-
gressional understanding that in the wake of project completion there
may still be problems and that remedies to éuéh prsblems should be con-
sidered. At times, however, the link between good will and good deeds
is frail indeed. Thus, the Principles and Standards, starting with a
clean sheet, would formulate any action, including those to rectify re-
sidual problems, only to the extent it contributed to two national ob-
jectives, economic development or environmental quality. State of~
ficials have repeatedly challenged this concept as it applies to bank sta-
bilization. They point out that benefits of the main stem system are
widespread; that the reaches of open river serve as indispensable op-
erational conduits which make possible the realization of all system
benefits - whether flood control, power generation, navigation, irri-
gation or water supply. These officials are quick to add that little
consideration has so far been given to preserving the well-being of the
conduits themselves, This approach has not been without persuasion in
the view of Conpress; to the extent it has acted, a formulation pro-

cedure differing from the Principles and Standards has been invoked.

4, The EQ objective also feels the constraints imposed by studying
a system in being. Initial and irreversible actions have been made
long since; today economic, social, political, and environmental
factors incline the scale toward continuation of present outputs or
towrard still more man-made changes. In reality, then, the option to
undo the project as a whole is no option at all. This, in turn,
tends to establish the frustrated conclusion that no feasible change
in present conditions would e¢ontribute to the EQ account, that EQ
planning in short is a recitation of the "do-nothing" alternative.
The fact is, however, that elements of the system have in recent
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times been reviewed with a critical eye and some have been
challenged in the courts. The door is open; EQ concerns can be
evaluated and EQ elements can be formulated recognizing both the
hazards and the opportunities of trying to do sowmething rather

than nothing.

Factors Affecting Formulation and Evaluation

5. Certain factors play a major role in plan formulation since
they shape decisions affecting the scope, feasibility and impact
of non~structural measures and alternative structural plans.
Technical, economic, and environmental and other factors, which
played a decisive role from the initial screening of alternatives

through the final iteration of selecting a plan, are identified in

the following paragraphs.

Technical Factbrs

6. Significant technical criteria were specific to the several
functions investigated, and are listed by category in this sub-

section,

FLOOD CONTROL

7. Hissouri River channel capacity above the mouth of the

Niobrara River has declined from a pre-project level of 120,000 cfs

to a present day 40,000 cfs.

HAVIGATION

8. For screening purpuses a tow configuration four barpes lony
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by tiwree baryges wide, transporting 13,000 tons was assumed capable

of operating all reaclies to be navigated.

9. Locking time for such a tow was assumed to be 40 minutes,

lock utilization was assunmed to be 100 percent.

10. I¢e free navigation was assumed to have the same duration up-

stream of Sioux City as it has downstream, a nominal eight months.

DA EROSTON

1l. After an initial "one time" slump, experience indicates that
nigh banks incur no increase in erosion as a result of fluctuations
in river stage, nor do these fluctuations have an appreciable effect

on sediment transport, bar configuration or channel shifting,

12, uperation of the main stem system has essentially eliminated
sedinent-laden overbank flows. With the counterbalancing accretion
process thus halted, high bank erosion results in a permanent and

irreversible loss of high valley lands and high bank islands,

13. The critical element in designing ilissouri River bank stabiii-
zation works is not protection against high flow velocities, but

apainst undercutting as a result of bed scour.

HYDRO=POWER
L4, Critical head (gross) for existing units was used to match

turbine and generator sizes on new units,

1>, Critical head (gross) for pumped storage was taken as the
difference betwcen minimum usable forebay elevation and afterbay

base of exclusive flood control.

lo. sizing of pumped storage projects was determined by available
of f-peak punping energy.
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17. Maximum turbine size was set by a maximum penstock velocity

of 35 fps, above which adequate design data were lacking.

18. Discharge from enlarged power plants was designed to remain
in bank with very few exceptions; for these, remedial actions are

anticipated.

19. Enlargement of hydro-power plants will increase hourly
variations in discharge. Peak rates will be higher but of shorter
duration; off-peak rates will be lower or will last longer or both.
At those plants without a reregulation structure fluctuations will
attenuate as they traﬁel downstream, virtually disappearing within

50 miles. At those plants with reregulation structures, fluctuations

downstream will be less than they are today.

20, System releases are regulated to meet objectives of flood
control, navigation, water supply and quality, and balance between
summer and winter rates. Daily and weekly average discharge rates
from the two lowermost reservoirs respond to these requirements and
not to hydro-power needs. Power addition would not affect system

releases.

21. Changing seasonal load requirements are increasing the need
for July and August generation and reducing the winter demand,
The four upstream projects have the capability to modify future
operating patterns in response to that need, Added generating

capacity at Fort Peck and Garrison would augment that capability.

Economic Criteria
22, Although economic criteria have more general applicability
than do the function-oriented technical criteria, some differences

among functions are evident in the foilowing paragraphs.
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BANK EROSLON

23. ieasures to ameliorate bank erosion problems have been por-
trayed to Congress by affected interests within this study area as
a "cost of doing business'" on the main stem systen which should be

accomplished by the Federal Government.

24, Since legislative action over the past 13 years has been in
accordance with this viewpoint, consideration should be given to
developing such remedial necasures so that they are as cost effective

and econamical as possible,

25. Cost estimates are based on 1976 dollars; they include construc-
tion, lands, easements and rights-of-way. Annual costs are based on
a project life of fiftv vears and reflect Federal and non-Federal

average annual eaquivalent values and a 6-3/8 percent interest rate.

OTHER STRUCTURAL MEASURLS

26, Tanpible benefits exceed project econowmic costs.

27, A fully implementable HED plan is designated which maximizes

net economic benefits. et economnic benefits are maximized when

scale is optimized and a plan is efficient. 7The scale of the HED is
deternined such that benefits of the last increment of output for
each measure, purpose, or separable segment in the plan at least
equals the economic costs of that increment. In meeting a piven
obbjective, a plan is efficient when the output of the plan is achieved

in a least cost manner.

23. Pover benefits are based on the provision of like energy and
capacity by the least costly power alternative, which for this study

area is cowmbustion turbine.

249, Havigation benefits are based on the provision of transport by
the least costly alternative, which for this study arca is unit train.
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30. Resource demand exceeds project output.

31. All benefits and costs are expressed in comparable terms to
the fullest extent possible. The annual charpes include interest;

amortization; and operation, maintenance, and replacement costs.

Annual costs are based on a l00-year amortization period (50 years for

navigation and pumped storage), 6-3/8 percent interest rate and July

1976 price levels, at least for selection of final plan elements.

32. Although formulated with a 100-year life, hydro-power elements

must be able to repay allocated costs in 50 years.

Environmental and Other Criteria

33, An.interdisciplinary approach was used to insure integration
of the natural, social and physical sciences and environmental

design arts in the planning process.

34, tequisite ecological data were gathered and utilized in formu-

lating the resource-oriented plan elements.

35. Fish and Wildlife Service "habitat unit" evaluation criteria
were used to identify habitat type and value for baseline conditions
upon which to predict project-induced changes in the study area's

biological community.

36, Significant detrimental environmental effects were avoided
where possible; fecasible mitigative measures were formulated to

minimize such effects when they were unavoidable.

37. Recreational activity demand generally was predicted from
current Statewide Comprehensive Outdoor Recreation Plans; monetary

worth of visitations was based on Principle and Standards criteria.

38, Criteria found in Public Law 90-542 as amended, and the
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Evaluation Guidelines approved by the Secretaries of Interior and

Agriculture in February 1970 were used in analyzing recreation river

potential .

39, Predicted effects of fluctuating river stapes and velocities
on fish and fish habitat were based, in part, on procedures, infor-
mation and criteria presented in "The Determination, Assessment and
Design of 'In~Stream Value' Studies for the Northern Great Plains

Region," 1975, prepared by Ken D. Bovee, University of Montana.

40. The size and number of subimpoundments for propagation of
northern pike were based on fingerling stocking rates of 30,000 per
surface acres of littoral zone and fry stocking rates of 100,000 per

surface acre of subimpoundment. .

Possible Solutions

41, A study with objectives as numerous and broad as this one can
be expected to generate a sizable number of possible solutions, The
process of reducing this number to a final selected plan lias observed
one primary rule -- not to plow the same ground twice. If one
criterion demonstrated the complete infeasibility of some study ele-
ment, no search was made for more reasons to reject it., Additionally,
an effort was made to evaluate first those criteria which could be
obtained most easily and cheaply. Usually these turned out to be

project costs and project benefits.
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42, Adoption of this procedure did not sten from inability or
unwillingness to assess environmental concerns. In fact, this tscreening
technique was employed only when the structural measure was pur-
poseless in the absence of an NED contribution; in most instances
the EQ account, if evaluated in detail, would only have shown
further detrimental effects. For example, if conversion of the
James River to a barge canal shows economic return of ten cents on
the dollar, there seems little point in a search for associated
environmental costs. Similarly, if technical studies show that
moving electrical energy in and out of a remote pumped storage site
is infeasible by a wide margin, no amount of environmental analysis

can result in project justification.

43, Quite a different approach was followed wliere possible
structural solutions proved to he economically feasible. When it
became necessary to evaluate project acceptability as measured by
environmental impacts, substantial amounts of time and effort were
invested. Every attempt was made to go deeper than a selection of
adjectives intended to convey subjective conclusions. Engineering
analyses and field observations were directed toward quantifying
specific impacts in terms of acres, feet, feet per second, and the
significance of these parameters to the existing environmental

setting.

Flood Control

44 . Flood control measures considered during the preparation of
this report were:

® Flood control storage in new reservoirs upstreanl of Fort
Peck or between Fort Peck and Garrison.

® Modification of operating criteria at existing projects.

® Modification of project boundaries.

45, Additional main stem storage would provide negligible bene-

fits as a result of direct flow regulation. There are almost no
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concentrated values subject to flooding in the study reach upstream
of Fort Peck, and except for possible ice jam floods, the reach be-
tween Fort Peck and the mouth of the Yellowstone receives protection
in excess of 100 years from Fort Peck regulation, Replacement flood
control storage at these sites would be possible; under this concept
flood storage would be transferred upstream from an existing project
(Dahe for example) enabling the downstream site to maintain a higher
level of storage aud consequently of power generation. Studies showed
this operation could increase by one percent the average annual bene-
fits at Fort Benton or Uigh Cow Creek. These pProjects, as documented
in a subsequent discussion of hydro-power, show benefit-cost ratios
lower than 0.5 to 1; a reservoir between Fort Peck and Garrison

makes an even poorer showing. Additional storage for flood control

was elininated from further consideration.

46, Flood control storage could be increased by lowering the level
of multi-purpose storage in the existing reservoirs. Studies made
by MRD's Reservoir Control Center following the 1975 flood indicate
this would be an unwarranted departure from sound operating pro-
cedures, Utilization of floodwaters for municipal and industriagl
use, as suggested in the 1958 Flood Control Act, is already being
accommodated by the multi-purpose operation of the system to the

fullest extent compatible with sound operation,

47, All studies conducted by the Corps subsequent to the 1975
flood indicate that the authorized functions of the multiple-purpose
main stem reservoir system will be best served by a continuation
without major modifications of the criteria in force at that time.
This subject has been discussed with representatives of all Federal

agencies concerned with water resource development in the !Missouri
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Basin as well as with responsible representatives of each of the
Missouri Basin States. All indorse continued balanced, multiple-
purpose operation of the main stem reservoir system and support
continuance of the reservoir regulation criteria utilized to control
the 1975 flood inflows. Modification of operating criteria was

eliminated from further consideration.

48. Modification of project bhoundaries was an alternative retained

for further consideration.

Navigation
49, In response Lo numerous Congressional directives to study an
extension of the Missouri River navination project from its present
head at Sioux City, examinations were made of two possible routes
and four possible terminals.
® Missouri River route; extend to Yankton

Missouri River route; extend to Chamberlain

Missouri River route; oxtend to Yellowstone River

Missouri River route; extend to Fort Benton

®
L
®
® James River route; extend to Yellowstone River
® James River route; extend to Fort Benton

E

ach of these possible alternatives required further study.

Waterlogging
50, Possible solutions at the three locations within the study
area identified as having waterlogging problems varied somewhat
depending upon the proximate source of the water. Some solutions
were applicable at every location; some at one place only. First
determination of alternatives did not consider the question of
Federal obligation to provide a solution; this was deferred to the
second phase of analysis.

® Modification of operating criteria at existing projects

® Decrease in llissouri River stages by means of dredging

® Construction of levees
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® Modification of interior drainage
® Transfer of interest in lands by fee acquisition or easement

® Flood plain management

51. Hodification of operating criteria with the objective of re-
ducing waterlogging would entail either a reduction in reservoir
levels or a reduction in reservoir releases, The former would have

a prohibitively costly effect on hydro-power generation and the
availability of assured water supply for other multi-purpose functions
such as irrigation, navigation and recreation. The latter would be
completely incompatible with a reasoned accomplishment of the flood
control function. This option was eliminated since the benefits

pained would be far overshadowed by the benefits foregone.

52, Main stem channel dredging sufficient to eliminate problems
arising from high water tables has been estimated to exceed every
year the teotal purchase price of affected lands. This alternative

was eliminated from further consideration.

53. Initial cost of protective levees approximates the market
value of the affected lands, moreover levees reduce only the threat
to surface flooding when constructed alone. To provide an effective
remedy to waterlogging, well-point dewatering is a necessary adjunct.
The combined economic costs are markedly unfavorable. The levee-
pumping alternative was eliminated from further consideration. A
combination of levee and tile field was likewise rejected as lacking
economic feasibility; morcover it would not accomplish its intended
purpose of lowerinpg the water-table during flows of quite frequent

agccurrence.,

54. llodification of interior drainage by such measures as increas-
ing gradient toward the river, installation of stoplog structures
and pumping interior runoff over such structures during periods of
high Missouri stage, showed promise at Buford-Trenton and was

Appendix 1
P12



retained for further study,

55. Acquisition of an interest in the waterlogged lands appeared
to be a workable solution at all three locations: Duford-Trenton,

the reach dowvnstream of Bismarcl, and below Fort Randall.

56, Flood plain manapement and land use planning to preclude in-
appropriate developnent of lands with a hipgh water table showed

promise in the Disnarck areca and were retained for further study,

Bank Stabilization

57. Three alternatives were identified whieh would be responsive
to the public demand for amelioration of economic losses stemming
from bank erozion. A fourth procedure is uentioned because of its
considerable public support and not its efficacy,.

® Extension of the so-called "hard" protection which is now
installed from Sioux City to the mouth, and is aimed at controlling,
and usually constricting, the river.

"soft" protection which allows the river

® Construction of
to retain the area hetween the present high banks, but attempts to
halt further loss of high valley land.

® Federal purchase of a buffer strip on both sides of the
river.

® Llimination of power peakiung operations.

58, Excepting along those river reaches where it serves the ad-
ditional function of training a navigation channel, hard protection
has little basis for selection. Although it minimizes loss of arable
land, it has been widely criticized as being destructive of habitat
and is far more costly than soft protection. It was not considered

further.

59. The concept of soft protection received widespread indorse-
nent during the course of this study and was retained for further
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consideration.

60, Consideration was given to Federal purchase of a buffer strip
on each side of the river, but because of uncertainties as to where
erosion mipht attack, many thousands of acres would have to be ac-
quired. For purposes of evaluation a buffer strip cne—quarter mile
deep was assumed, although this would undoubtedly prove insufficient
in some places, This option was dropped because it does net solve

the basic problem of continuing loss of irreplaceable land resources

and lacks any appreciable public acceptabilicty.

1. On several past occasions State officials have proposed to
teduce the economic impacts of bank erosion by eliminating hydro-
power peaking operations and the associated fluctuations in stream
flow, This alternative would undoubtedly fail the test of time,
since it would fiet significantly reduce erosion losses and would
provide no accrétion gains; nonetheless, affected citizens may at-
tempt its enfoféement as a last resort if no workable solution is
proposed. This approach would seriously diminish the power peaking
capability of the main stem reservoirs. It would rule out consider-
ation of additional generators and would cut cutput of the existing
power plants during critical periods of peak demand. At Garrison,
for example,; the reduction in capacity could run as high as 50 per-
cent; the replacement cost of these kilowatts would exceed six million

dollars per yeat. This is not a logical selection.

Hydro-Power

62, The authorities under which additional capacity for generating
electricity was examined in this study were all linked to the Missouri
River. liydro-power is not, of course, the only means by which more
electrical energy can be provided in the area; indeed the very pro-
vision of more electrical energy is viewed by some as a detriment

to quality of 1life. A number of possible alternatives thus required
sereening some of which lay outside the authorities of the Corps,
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New dam construction upstream from Fort Peck

New dam construction between Fort Peck and Garrison
Tailwater lowering at existing dams

Additional units at existing projects

Pumped storage projects

Load management

Economic incentives

Thermal generation

HEW DAM CONSTRUCTION

63. In June 1963, a joint Interior-Corps report was prepared for
the upper Missouri River basin which discussed eleven structural
plans for additional hydro-power. The best plan involved a dam two
miles upstream from Fort Benton, and a High Cow Creek Dam, 23 miles
upstream from the Montana State Highway 19 bridge. The report was
submitted to Federal agencies and the Governor of Montana for re-
view in 1964. The plan was not supported by the State of Montana
and no action was taken on the report. A review of the projects
was made under this study and a tabulation of the updated power

data follows:

Capital
Rated  Dependable  Annual 1975 Cost Benefit
Cavaclty Capacity Enerpy First Cost Per Cost
(1) (11W) {11333) (Millicng)  Kilowakt Ratio
Higli Cow Creek 720 781 1,555,600 6/1.1 - 932 0.5
Tort Beator 300 331 713,000 339.6- L1132 0.4

No addition of further functions such as flood control brought

either project close to economic feasibility,

64, Four potential damsites on the Missouri River between Fort
Peck Dam and Garrison Reservoir (Lake Sakakawea) were considered
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for power production and other purposes by the Bureau of Reclamation
in a 1969 report. 1In dowanstream order, these sites were Little
Porcupine, Wolf Point, Brockton, and Bainville. Wolf Puoint was
found to be the best site, with about 50 feet of available head and
a capacity of 40,000 kilowatts. Based on 1969 prices, the total in-
vestment cost was about $101,000,000; based on a 4.875 percent rate
of interest and a 100-year amortization period, the Lenefit-cost
ratio was about 0,2 to l. Because power generation would result in
fluctuating water levels at the reservoir, recreation or fish and
wildlife benefits would have been negligible. Power benefits would
be greater at current price levels; however, they would be offset by
higher construction costs and a higher rate of interest. Further

congideration is not warranted.

TALLWATER LOWERING

65, Artificial lowering of the tailwater would increase power pro-
duction by increasing the available head at existing dams. The tail-
water is controlled, however, at Fort Peck by the structure and by
bedrock; at Oahe by the Bipg Bend pool; and at Big Bend by the Fort
Randall pool. An opportunity does exist to increase generation at
Garrison, Fort Randall, and Gavins Point, with the greatest potential
per foot of lowering at Fort Randall. There, the tailwater could be
lowered 10 feet by dredging, at a cost of about $54,000,000 at 1976
price levels. Such a head change would increase dependable capacity
about 42,000 kilowatts and would increase average annual energy about
165,000,000 kilowatt hours; however, the benefit-cost ratio would be
only 0.4 to l. Uredging did not extend far enough downstream to re—
duce flood damages upstrcam of the Hiobrara River. Similar plans at
Garrison and Gavins Point showed even less promise, consequently,

this idea has been dropped.

ADDITIONAL UNITS

66, The existing installation at the main stem dams utilize

virtually all of the available water supply for hydro-power generation,
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with the exception of very wet years such as 1975 when some spills
occur, Their minor importance may be judged by the fact that
spills are required at Gavins Point 22 percent of the time while
the remainihg projects range from five percent to zero. Even 8o,
additional units could be used to good advantage by repatterning
discharges to increase peak generation and decrease base load oper-
ations.

67. Fort Peck, Garrison, Oahe and Fort Randall have outlet works
initially installed for release of flood storage, Today, with
diversion of the river accomplished and all projects complete in-
cluding gated spillways,with the tandem accumulation of 16,400,000
acre-feet of flood control storage fully effective, and with the
reliability of the electrical transmission grid well demonstrated,

these tunnels are available for installing of power turbines at

essentially no detriment to the flood control function, This

alternative was retained for further consideration,

68, A major function of the Gavins Point project is to provide
‘regulation of flows in the lower river for navigation, water supply
and flood control. Pronounced fluctuations in discharge would be
incompatible with these purposes; even with some energy recoverable
from spills, preliminary study showed economic feasibility of ad-
ditional units to be sub-marginal. No further investigation was

wade of Gavins Point.

69. Average releases from Big Bend on a weekly or longer basis

are determined by the desired summation of system outflow plus

change in Fort Randall std;age. During the navigation season,

flowé typically range from 20,000 to 30,000 cfs; during the non-
navigation season, which may exceed half the year in prolonged

drouth cycles, discharges typically range from 6,000 to 8,000 cfs,.
The existing discharge capability of Big Bend 1is 103,000 cfs, which
translates to a plant factor of six to eight percent, or 1if operation
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is confined to five days a week, a plant factor of eight to eleven
percent. Four direct intake units of the same design as the present
installation would be the most economical addition at Big Bend;
however, this would lead to a generating cycle of less than two hours
per day. An alternative plan was the installation of reversible
pump~turbines which would use the Fort Randall pool as an afterbay.
This arrangement would be inoperable in the very period of greatest
need - the non-navigation season - because at that time the Fort
Randall pool would be too low to make pump~back possible. The Fort
Randall pool elevation could be held up during the non-navigation
season, but only at the expense of curtailing by half the corres-

ponding seasonal plant factor at Oahe. Further consideratinn nf Rie

Bend was discontinued,

PUMPED. STORAGE PROJECTS

70, Map studies indicated nearly unlimited opportunities for pumped
storage hydro-power plants adjoining the main stem reservoirs and

150 sites were individually identified based on head, storage volume,
embankment, and location criteria, Of these, about one-fifth were
selected for reconnaissance scope determination of their potential
hydro-power capacity. Filfteen sites, three at each of the main stem
projects except Gavins Point, were selected, based on capacity and
probable economy of construction, for preparation of reconnaissance
scope cost estimates. The capital cost of these projects which
showed potential capacities of 360 MW to 1380 MW varied from approxi-
mately $200 per kilowatt to $600 per kilowatt. Four of the fifteen
gites appeared more favorable than the others, based on a combination
of factors including head, tunnel length, land requifements, and
capital cost per kilowatt. Conceptual designs were prepared and
estimates of cost were refined for the four sites, All four indi-
cated economic feasibility, and they were retained for additional

analysis.
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LOAD MANAGEMENT AND ECONOMIC INCENTIVES
71. The electric utility industry today is confronted by a growth

rate which although showing modest signs of flattening is still
exponential in shape, and by construction costs displaying similar
agility. This has caused an active search for ways to meet custo-
mer needs with minimal additions to generating plant. "Ripple
control" is an effort to restrict delivery of energy over the peak
to loads which can be interrupted without undue inconvenience

Water heaters are the classic example, a study funded by the Federal
Energy Administration suggests that such control can reduce a

utility's peak load by ten percent.

72. Load management is complemented by economic incentives modeled
after either the carrot or the stick. The hallowed structure where-
by rates decline as usage grows has been halted or even reversed

for many consumers. For the householder, this is an incentive to
reduce all use; ripple control affords a more selective mechanism
for reducing peak use. Larger customers, who habitually have paid

a demand charge, have always had an incentive to level their peaks
and valleys; load management has the additional potential to reward
a commercial user who desynchronizes his own peak use from that of

the utility system.

13. Load management and economic incentives are harbingers of an
American future unavoidably committed to frugality and conservation
of resources. Nevertheless, they are not considered further in

this report. At their most efficient, neither device is reasonably
expected to cause an absolute decline in electrical demand in this
century, only a slowing in its rate of growth. This slowing will be
reflected in delayed construction of some units of electrfcal gener-
ation, not a freeze on all construction, The most cost effective
and environmentally sound units can be expected to appear first;

it 18 against these criteria and not against a concept of no re-
quirement for additional energy that further analysis of hydro-power
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will be weighed.

THERMAL GENERATION

14, Since continuation of this nation's economic and social
structure in a pattern at least tolerable to its citizens implys
some pgrowth in electrical demand as long as population grows - and
probably for a number of years beyond that time - one must assume
that demand will be met. A number of research efforta are aimed at
expanding possible wmethods: windmills, ocean currents, solar cells,
and nuclear fusion, to name a few. Some will doubtless play an im-
portant role in future technology; none is a feasible alternative

within the time frame of this study.

75, The determination of what is a feasible alternative to pro-

posed hydro-power additions has been made by the Federal Power Com-
mission. On the premise that construction would be geared to meet
load requirements of the mid-1980's, the Commission staff found the

alternative would be one of several thermal sources with a present-

day state of the art capability., Evaluations were made of generation

using nuclear, coal, and lignite-fueled steam turbines and oil-fired
combustion turbines. The latter were picked as the most likely

alternative to hydro-power contributions to area loads as proposed
in this study. Oil-fired combustion turbines were, therefore, re~

tained for further analysis.

Recreation, Fish and Wildlife

76 A nmber of possible solutions were developed in response to
five nroblens or opportunities in the arca of recreation, fish and
vildiife.

® “criedy sediment problens at boat facilities by periadic
dredaoing,

® telocate facilities with problens.

® Abandon facilities with problems.

‘® Re-establish trophy fish population in Lake Oahe and Take
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Francis Case by increasing hatchery capacity.

® le—ustablish trophy fish population in Lake Oahe and lLake
Francis Case by construction ol subimvoundnents [or rearing.

® le-cstablish Lrephy Tish population in Lake Oahe and Lake
Crancis Case by construction of on-site rearing ponds.

® luprove lake shore and iittoral habiitat to increase [lorage
bhase and spawning and nursing habitat at Lake Oahe and Lake Vrancis
Casc.

® , troduce substitute species in the lakes,

® csignate and develop Gaving Voint Lo Ponca State Park reach
of the lissouri nRiver under the Vild and Scenle Rivers Act,

® Ucvelop cooperatlive access and recreation sites throughout
thie bmne stanilization works under UL &9-7.0.

® improve access bo Tort Peck public use areas by Corps
efford.

® Luprove access to Fort Peck public wse areas under author-

ity ol .. Y3=Uh3.

SLD LI, PHROBLLIS

77. “here are currentlv over one hundred recreation boat ramps
and scven boat basins on the nain sten lakes. The ranps and basins
located in the unper end of the lakes and the lakes' najor tribu-
tary bavs are cciny adversely cilected by sedinent deposition.

This deposition was anticipated at the tine these facilities werc
planned; hovever, thelr need in those locations becane the over-
riding cousilderation.,  Othwer ranns and basins, lecated on tae nain
bodv of the lakes, are also subjeet to gedinent accunulation causcd

by site-specitic litteral carrents in corhination vith unstable

H

shoreline slope in the vicinity, These sedinent problems vere less
sredictable at the time of construction. All of tihe boat Facilities
under discussion vere ecitier desipned and constructed by the Lorps

of ingineers or their desim and specifie location were subject to
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approval by the Corps of Engineers,

78, At present, periodic removal of the accumulated material is
sufficient maintenance to keep the boat facilities usable, It is
predicted, however, that as sediment deposition in the main stem
lakes progresses the frequency of need for sediment removal will be
increased, creating an Iincrease in cost of the operations and an in-
creasing challenge to find environmentally satisfactory disposal
sites. It will become necessary, ultimately, to relocate or abandon
some of these facilities. Decisions concerning specific boat facili-
ties will be made during the individual lake project’s recreational
master plan revisions, indicating appropriate action to be taken by
the Corps of Engineers, This procedure does not require additional
authorization or significant consultation with other agencies; there-

fore, the problem is not to be discussed further in this report.

REMAINING PROBLEMS AND OPPORTUNITIES

79, With the exception of those assocliated with sediment problems

at boat facilities, all of the alternatives itemized in paragraph 76

were retained for further consideration,

No Federal Action

80. Under six functional categories, this section has identified a
number of possible solutions to problems and needs. 1In addition, there
exlsts for each of the six the alternative - although in most cases

it is not a solution - of no Federal action, This alternative assumes
a continuation of current trends in the use and development (or loss
and degradation) of resources, and that no new Federal actions will be
taken as a result of this study. A determination must be made for each
rescurce category as to what conditions and effects will result if no
Federal action 1is taken., This makes 1t impossible to esatablish a
baseline from which to measure impacts of alternatives and of the re-
cotmmeénded plan. The results of no Federal action will vary: some
activities, such as bank stabilization or nati:..al wild, scenic, or
reéereational river designation, appear to require direct Federal
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involvement or some form of joint Federal-State actions. Other
activities, such as additiomal electrical generation, seem likely to
¢ ~cur with or without Federal initiative. '"No Federal Action'" should
not be equated with a continuation of present conditions for most re-
source catepories. Lack of bank stabilizatiom, for example, will not
preserve the river in its present state. Rather, it will preserve a
regime of continuing change; and while the river will remain attrac-
tive and natural-appearing in some respects, unique and valuable is-

lands, sand bars, wooded areas, and farmlands will be lost.

Alternatives Considered Further

gl. To avoid needless repetition, only those possible solutions
which did not survive preliminary screening have thus far been the
subject of anything beyond a cataloging of their existence. Only
sufficient detail was furnished to explain why those which dropped
out did seo. The following paragraphs will discuss the remaining
alternatives and reduce them still further, leaving a manageable

group for final analysis in the selection of a plan.

Flood Control

82, puring the period of high inflow to Lake Oahe in 1975, lowland
flooding focused attention on the Oahe headwater delta. Backwater
analysis and a study of tlie upward shifts in the Bismarck rating curve
indicated that the delta's effect was being felt upstream and indi-
cated a need for upstream extension of the Oahe project lands. Since
this action can be accomplished under existing authority it was not
considered further in this study. This area downstream of Bismarck

is discussed further in the section on waterlogging.
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83, Starting in 1969, flood control releases from the upper Missouri
River reservolr system, via Fort Randall Dam, caused the surface in-
undation of agricultural lands along a 10-mile reach upstream from the
mouth of the Niobrara River (Missouri River mile 849 to 859). Signi-
ficant inundation occurred in 1969, 1971, 1972, and 1975 and marginal
inundation in 1970. Total inundated acreages, including some low

chute or bottom lands, varied from about 1,750 acres with a discharge
of 50,000 cfs in 1969 to 2,500 acres with a discharge of 60,000 cfs

in 1875, About two~thirds of the acreage is located on the right bank
in Nebraska and one-third on the left bank in South Dakota., Sustained
inundation started as early as May in 1971 and continued through
November in each year; it not only curtailed crop growth, but alsoc pre-
vented the harvest of salvageable produce in some in;tances. The lack
of adequate subsurface drainage on some land prevented the continuatiom

of farming operations due to the saturated condition of the soil.

84, The basic cause of this flooding and waterlogging is a reduc-
tion in the c¢hannel capacity of the Missouri River attributable to
the presence of the main stem reservoir system. Prior te closure of
Fort Randall Dam in 1952, the heavy sediment contributions produced
from the Niobrara River basin were periodically flushed downstream
during the main stem March or June floods. However, from 1953 to
1969, the mean daily flows of the Missouri River at Niobrara were
usually 30,000 cfs or less as all flood volumes were retained to
fil1l the reservoir system. Also during this period, above normal
sediment yields from Niobrara entered the Missouri channel, This
combination of low flow and high sediment yield has resulted in a
Tise in the normal river stages of at least five feet at the con-
fluence of the Niobrara and an associated reduction in bank-full

channel capacity from about 120,000 cfs to under 60,000 cfs.

85. A number of landowners on the Nebraska side of the river have
joined to sue the United States, alleging a taking of certain real
estate interests, In July of 1976, the United States Court of Claims
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found in favor of the plaintiffs, ruling that the Government had
acquired a flowage easenent over the lands in suit. The United
States has filed a motion for rehearing. Pending final resolution
of this issue, no courses of action are available to the Corps of
Engineers in this study beyond a documentation of the facts, as sect
forth above. Congress, however, has the authority to legislate
relief measures in response to that documentation if deemed appro-

priate.

Navigation

86. A number of Congressional directives, itemized in Section A
of this Appendix, have requested the Corps of Pngineers to conduct
further studies of expanded navigation on the Hissouri River, in-
cluding new facilities such as locks, marine railroads, and hoat
elevators. A Review Report, Missouri River, Horth Dakota, South
Dakota, and Nebraska 1965 responded to the Congressional request;
it was returned by the Secretary of the Army to OCE in 1969; the
field furnished supplemental information to OCE in 1970. The re-
port was subsequently returned to the Omaha District for further
coordination of environmental aspects of the navigation-bank stabi-

lization plan.

87. Recent revival of interest in extending the head of navi-
gation may be traced to several factors. Farmers and grain buyers

in North Dakota and South Dakota are seeking lower transportation
costs for their agricultural products; some see navigation as a

means to obtain these lower tariff rates. A second and major stinmulus
to a fresh look at navigation's future has been the growing national
awareness of the vast coal and lignite resources available in liorth
Dakota, lMontana and Wyominy. Movement of both agricultural com—
modities and coal have attracted interest not only in the lMissouri
basin but in the Mississippi valley as well. The 0ld West Commission
was urged, in the spring of 1976, to sponsor further studies of
Missouri River navigation as an impetus to broadened trade for both
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regions.

88, This study has re-examined two routes extending navigation
above Gavins Point Dam. One route follows the Missouri River using
three alternative locations for head of navigation, namely:
Chamberlain, South Dakota (in the upper reach of Lake Francis Case);
near the mouth of the Yellowstone River (in the upper reach of Lake
Sakakawea); and Fort Benton, Montana. The second route follows

the James River (from the mouch, seven miles downstream from Yankton)
to the vicinity of Jamestown, North Dakota, and thence westerly to
Lake Sakakawea. Upstream of this point the Missouri River route

was followed to Fort Benton.

EVALUATION PROCEDURES

89. Subsequent to authorization of the existing navigation project

by the 1958 Rivers and Harbors Act, almost every investigation of
an extension has had difficulty in showing feasibility. In the
present screening, to determine whether large scale movement of
coal would alter project economics, initial assumptions concerning
benefits, permissible tow size and locking efficiency were made
deliberately optimistic. The rationale was that if optimistic
screening showed possible feasibility, the project could be evalu-
ated in more detall; if it clearly showed infeasibility much need-

less effort would have been spared.

90. Head of navigation was determined by its general proximity to
low sulphur content bituminous coal. Northern Great Plains Resources
Program estimated a 160-billion-ton reserve to be in this area, with
103.9 billion tons recoverable, Costs assoclated in the transport-
ing of this commodity would be eipght mills per ton-mile by rail

(from a 1976 study by the Bureau of Mines) and three mills per ton-

mile by river navigation (Micsissippl River rates),

91. Construction costs icr the locks and dams are based on the
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actual construction costs of the Il1linois River project, updated
to 1976 level. The construction period was set at 15 years and
the economic life of the project was 5() years, with an interest

rate of 6-3/8 percent.

92. A tow of 12 barges (open hopper barge 195 ft X 35 ft) with a
configuration of 4 X 3 requires a lock of 1,200 feet by 110 feet,
with an assumed locking time of 40 minutes. Each tow would trans-
port 18,000 tons. This size tow was considered the maximum size
that could operated on the Missouri River in the reach from Kansas
City to Sioux City. Planned passing areas would be needed to

handle tows of this size.

ROUTES CONSIDERED

93, Following the Missourl River to the mouth of the Yellowstone
requires extension of the existing navigation project at Sioux City
by channelization and bank stabilization as far as Gavins Point Dam.
From this point a total of 10 locks would be required to navigate
past the five main stem dams; one at Gavins Point; two at Fort
Randall; three at Oahe; one at Big Bend; three at Garrison, Six
locks and dams would be required to provide slackwater navigation in

the river reaches between the existing main stem dams.

94, The James River route to the Yellowstone would utilize a
Missouri River navigation and bank stabilization project as far as
the mouth of the James River, about seven miles downstream from
Yankton. Following the James River valley to the vicinity of
Jamestown, North Dakota, the project would provide a slackwater
navigation channel including 14 locks and dams with an average lift
of 50 feet. From Jamestown, 100 miles of canal would be constructed

in a westerly direction to Lake Sakakawea.

95. The extension of the two routes from Lake Sakakawea to Fort

Benton, Montana, following the Missouri using slackwater navigation

Appendix 1
D-27




would require 16 locks and dams and three locks at Fort Peck.

96 . A study was made to evaluate a shorter navigable route in
combination with railroad transportation of coal from the Wyoming
coal fields. The area considexrcd for earliest development of export
coal in Wyoming lies directly west of Chamberlain. This route would
follow the same route as ti:2 Sioux City-to-Yellowstone River route
and would require only three locks at the main stem dams; one at
Gavins Point, and two at Fort Randall. Only two open river locks and
dams would be required. The coal would be transported to the head

of navigation at Chamberlain by rail 407 miles from the coal fields.

97. Extending navigation only as far upstream as Yankton was
studied to determine feasibility of navigation based on the gener-
ation of upbound and downbound traffic from the trade area. The
project would be a combination of navigation-bank stabilization
construction. Since bank stabilization without navigation is a
separate alternative under consideration in this report, its cost
has been treated as separable and is not included in the cost of

navigation works, either to Yankton or farther upstream.

ALTERNATIVES TO LOCKS AT THE MAIN STEM DAMS

98, Several alternatives to locks at the main stem dams were con-

sidered even though there has been no experience in the United States
with design and operation of structures this large. Consequently,
methods being used or considered on European inland waterways were
evaluated, such as ship elevators, water plows, steel tubs and
marine railroads. These different methods of transporting barges
over existing dams moved only one barge at a time and thus were
considered inadequate to the needs of this study because of the

time required to 1lift or lower a tow of 12 barges.

ECONOMICS

99, Table D~1 presents an estimate of the gross capital investment
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and annual costs for the several plans studied for the extension of
navigation above Yankton, South Dakota, based on an economic life

of 50 years. Annual benefits are also given for each condition.

In every alternative the optimistic assumption was made that the
navigation project would induce enough coal shipment to keep the
locks in operation one hundred pereent of the time. With a locking
time of 40 minutes, the capacity of the project is 18 tows per day
at 18,000 tons per tow or 324,000 tons per day. Economic benefits
attributable to the alternatives thus become the savings from moving
324,000 tons of coal every day of an eight-month navigation season,
or eighty million tons a year by a combined water-rail route as com-
pared to an all rail route. The cost of transfer from hopper car

to barge was ignored in this analysis.

100, Large coal reserves identified in the Northern Great Plains
Resources Program report were used in this benefit analysis. Coal
being shipped to a head of navigation at the mouth of the Yellowstone
River or at Chamberlain, South Dakota, was evaluated as originating

in the Sheridan, Gillete, Colstrip complex in northern Wyoming and
southern Montana. Rail distance to Sioux City was taken as 611 miles,
resulting in an all-rail rate of $4.89 per tom. For shipment to

the headwaters of Fort Peck, downstream of Fort Benton, ilontana,

the coal source was located in Musselshell, Yellowstone and Rosebud
counties in Montana, a rail distance of 870 miles from Sioux City,

resulting in an all-rail rate of $6.96 per ton.

101. Because of the legal and administrative obstacles presently
blocking operation of slurry pipelines, as well as a lack of per-
formance experience for their large-scale operation, this study did
not attempt to evaluate pipelines as an additional alternative.

Some studies have suggested they have little cost advantage over
shipment by unit train, others indicate they could move coal at a
cost of three mills per ton-mile - the cost used in this study for
barge transport. This study is not sensitive to the actual efficacy
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TABLE D-1 — ECONOMIC ANALYSIS FOR

CAPITAL COSTS
DIRECT COSTS
NAVIGATION CHANHEL, SIOUX CITY TO GAVINS POINT - 79 MILES ($ MILLION)
LOCES AT MAIN STEM DAMS ($ MILLION)
INTERVENING LOCKS AND DAMS (% MILLION)
CANAL CONSTRUCTION ($ MILLYON)
CONTINGENCIES - 207 ($ MILLION)
TOTAL DIRECT COSTS ($ MILLION)
INDIRECT COSTS
ENGINEERING AND DESIGH ($ MILLION)
SUPERVISION AND ADMINISTRATION ($ MILLION)
TOTAL INDIRECT COSTS ($ MILLION)
TOTAL FIRST COSTS ($ MILLION)
INTEREST DURING CONSTRUCTION - 15 YEARS - 6-3/82 {SMILLTION)
GROSS CAPITAL INVESTMENT ($ MILLION)

ANNUAL COSTS
ANRUAL CHARGES
INTEREST AND AMORTIZAYTION 6-3/8%7 ($ MILLION)
OPERATION AND MATNTENANCE 17 (§ MILLION)
TOTAL ANNUAL ECONOMIC CHARGES ($ MILLION)

BENEFITS

RAIL MILES - COAL FIELD TO HEAD OF NAVIGATION

RAIL FREIGHT COSTS PFR TON — UNIT TRAIN
KRAVIGATION MILES - HEAD OF NAVIGATION TO SIOUX CITY

BARGE FREICGHT COSTS PER TON
TOTAL FREIGHT COST PER TON — COMBINED RAIL-BARGE
ALTERNATE COST PER TON -~ UNIT TRAIN - COAL FIFLD TO SIOUX CITY
SAVINGS — COST PER TON BY RAIL-BARGE - COAL FJELD TO SI0UX GLTY
ANNUAL BEKEFITS - 80,000,000 TONS PER YEAR, COAL FIELD TO SIOUX CITY (% MILLION)
BENEFLIT C©OST RATIO
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EXTENDING THE NAVIGATION PROJECT

MISSOURT RIVER ROUTE JAMES RIVER ROUTE
SIOUX CITY TO — SIOUX CITY TO -
CHAMBERLAIN YELLOWSTONE RIVLER FT. BENTOH YELLOWSTONFE R1VER FT. BENTON

21.9 21,9 21,9 21.9 21,9 2
Jea 438.8 10eca 1489.8 13ea 1992,8 - 3ea 503,0 3
2ea 281.0 6ea 727.0 24ea 2730.0 lbea 1764,0 32ea 3767.0 4
L - - - 100,0 100,0 5
148,3 447.7 948.9 377.2 878.4 6
890.0 2686.4 5693.6 2263.1 5270.3 7
89.0 268.6 569.3 226,3 527.0 9
89.0 268.6 569.,3 226,13 527.0¢ 10
178.0 - 537.2 1138.6 452.6 1054,0 11
1068,0 3223.6 6832,2 2715.7 6324,3 12
510.6 1541,3 3266.,7 1298, 4 3023.8 13
1578.6 4764,9 10098,y 4014,1 9348,1 14
105.4 318,2 6744 268.1 624,3 16
15,8 47.6 100.9 40.1 93.4 17
12,2 365.8 775.3 308,2 717.7 18
407 246 150 246 150 19
$3.26 §1.97 $1,20 $1.97 $1,20 20
235 850 1341 780 1271 21
50.70 $2.55 $4.02 §2,34 $3.81 22
$3.96 $4,52 $5.22 $4.31 $5.01 23
54,89 54.89 $6.96 $4.89 $6.96 24
$0.93 $0.37 $1.74 50.58 $1,95 25
74,4 29.6 139,2 46,4 156.0 26
0,61 0.08 0,18 0.15 0.22 27
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of slurry pipelines; to the extent they reduce cost below that by

unit train, they further decrease feasibility of barge transport,

102. A different rationale was necessary in evaluation of a Sioux

City-Yankton extension.

Sioux City, the present head of navigation

is a rail terminal of sizable importance, yet this junction of trans-

portation modes has not resulted in any trans-shipment of western

coal, which continues to cross the region by unit train.

In this

light, it seems unreasonable to suppose that a 75-mile extension of

the channel to a site less favorably endowed with rail transport

would create new barge traffic in coal.

Instead, to remain consistent

with the optimistic tenor of other navigation assumptions the Sioux

City-Yankton reach was evaluated on the premise that the 400,000 tons

of cargo which moved into and out of Sioux City during the record

breaking year of 1976 will serve as a proxy for the tonnage in and

out of Yankton,

103. A 75-mile extension of the navigation system to the port of

Yankton (four miles downstream from Gavins Point) is estimated at:

CAPITAL COSTS

Navigation channel - 75 miles
Contingencies @ 20%

Total Direct Costs

Engineering and design @ 10%
Supervision and Administration @ 10%

Total Indirect Costs
TOTAL FIRST COST
Interest During Construction 15 yr. @ 6-3/8%
GROSS CAPITAL INVESTMENT
ANNUAL COSTS

Interest and amortization @ 6-3/8%
Operation and maintenance @ 2-1/2%

TOTAL ANNUAL ECONOMIC CHARGES

$20, 800,000
4,400,000

$25,200,000

2,500,000
2,500,000

5,000,000
30,200,000

_ 14,200,000
$44 , 400,000

$3,000,000
1,100,000

$4,100,000

10%. To balance annual charges of $4,100,000 with 54,100,000 in
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benefits, while moving 400,000 tons of traffic 75 miles requires a
waterborne savings of 137 mills per ton-mile. When actual savings
are not one-tenth of that amount, the present infeasibility of this

alternative is evident.

COWCLUSION

105. The pro-navigation bias adopted in the foregoing analysis
overstated by substantial margins the true capacity of alternative
additions to the Missouri River navigation project and understated
their costs. MNonetheless, it provided a "failsafe" initial evalu=-
ation in accordance with the reasoning that, "If navigation couldn't

make it under these conditions, it could never make." Until some
major change takes place in the factors influencing cost and bene-—
fits, there appears to be little justification for a more detailed

evaluation.

Waterlogging

106. Previous analysis has identified three locations within the
study area with waterlogging problems attributable, at least in
part, to the presence of the main stem reservoir system: the
Buford-Trenton area; the area from Bismarck, North Dakota to the
boundary of Oahe, and the area bordering the 10-mile reach upstream
of the Niobrara River. An examination of the geography and geology
of the areas resulted in retention of three alternatives: improve-
ment of interior drainage; acquisition of an interest in the land;

and land use planning.

BUFORD-TRENTON IRRIGATION DISTRICT

107. The Ruford-Trenton Irrigation District is located along the
left bank of the Missouri River in western lorth Dakota near
Williston at the upstreém end of Lake Sakakawea immediately down-
stream of the confluence with the Yellowstone River. 1t was de-
veloped with joint assistance from the Bureau of Reclamation and

the Department of Agriculture in the early 1940's, The District
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is divided by bends in the Missouri River into four areas: East,
Middle, West, and Zero Bottoms, When fully developed, the project
consisted of about 16,800 acres, about 10,000 of which were

irrigable.

108. The possibility of future problems at Buford~Trenton effected
by Lake Sakakawea was anticipated in early planning for the Garrison
project. In response to a Congressional request, a report entitled
"Protective Works in the Williston Area of the Garrison Reservoir"
was completed in December 1953, Although this report was never sub-
mitted to Congress, the Public Works Appropriation Act of 1955
(Public Law 84-163) did subsequently provide funds for purchase, in
lieu of protection, of the East Bottom of the Buford-Trenton Irri-
gation District, and also the Lewis and Clark Irrigation District,

a 7,700-acre project across the river, In addition, the Act included
funds for protection of the intake structure of the Buford-Trenton
pumping plant in Zero Bottom and for construction of bank protection
to prevent erosion along the Missouri River adjacent to the District.
The necessary protective works were completed in 1961 at a total cost
of $1,200,000,

109, Purchase of the East Bottom by the Corps of Engineers in 1958
reduced the total acreage of the Buford-Trenton District to about
10,200 acres and the irrigated acreage to about 7,100 acres. Because
of the effect of this reduction in size of the District on the cost-
per-acre of operation, the outstanding repayment costs for construction
of the project were, by the Appropriation Act of 1957, declared non-
reimbursable for the remaining portion of the project. The Department
of Interior was authorized and directed to enter into a contract with
the Buford-Trenton Irrigation District which would provide for a trans-
fer of the operation and maintenance responsibility of the proiect
works to the District. Title to the project works in the East Bottom
was transferred to the Corps of Engineers and title to the remainder

of the project works has remained with the Bureau of Reclamation.
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110. The Buford-Trenton lrrigation District has continued to oper-
ate and maintain these latter works, furnishing irrigation water, at
cost, for the lands in the Last Bottom in addition to the water for
its own members. Arable lands in the Last Bottom, diminishing in
acreage, have been leased back by the Corps of Engineers to the East
Valley Mutual Aid Cooperative. This group, in turn, subleases the
lands to individual operators with the former owners having the first
option to lease. The Cooperative also operates and maintains the

irrigation facilities in the East Bottom.

111, Since the closure of Garrison Dam in 1958, deposition of sedi-
ment to create a headwaters delta in Lake Sakakawea has progressed
much as anticipated. Adjacent to the Middle and West Bottoms, water
surface profiles of the Missouri River in the 20,000 to 60,000 cfs
discharge range are now three to five feet higher than they were a
decade ago; however, they exceed pre-reservoir conditions at the

West Bottoms by only one or two feet because of the reduction in
stages caused by a !Missouri River cutoff in 1958. The first organized
expressions of concern surfaced in 1967, generated primarily by water
in the basements of several farm homes. Since that time, local com
plaints have been voiced on a more or less continuing basis. In

1970 the Senate Public Works Committee requested the Chief of
Engineers to investigate "methods of resolving land use problems in
the Buford-Trenton Irrigation District and vicinity, resulting from

a high water table."

112, Accordingly, the U. 5. Army Engineer District, Omaha, prepared
a report on Buford-Trenton Irrigation District and Vicinity, North
Dakota, dated June 1974, This report provided several possible
solutions together with some recomnaissance-scope estimates of cost,
It further indicated that uncertainty exists as to the exact limits
of the area affected and of future prospects for those lands not yet
affected. The report was confined to the presentation of technical
data and did not include conclusions or recommendations. Early in
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1976 it was returned by the Chief of Engineers to the Missouri River
Division for additional analysis during the course of this study,

113, This re—examination focused attention on four items signifi-
cant to the formulation of any plan dealing with the future of Buford-
Trenton,

® The upward trend in river stage seems to be levelling off
since 1971, according to records for discharges in the 20,000-60,000
cfs range. This is attributed to the formation of a deltaic channel
that conveys the sediment load through the headwater area, downstream
where it deposits to extend the delta into the reservoir.

® The most acute consequence of the rise in river stages is
the effect on drainage through the open ditch drainage system in the
District., In mid-winter and mid-wummer, rises on the Missouri River
have backed water through the ditch system to cause flooding. Dur-
ing the irrigation season the river is often higher than the ele-
vation of the drainage outlet causing water to stand in the drainage
system and impede the irrigation return flows, which contributes to
the rising groundwater table and the swamping of low-lying areas.

® During the 1975 crop season, in spite of abnormally high flows
in the Missouri River, concerted efforts by local farmers to block the
ditches in the Middle and West Bottoms near the river and pump down
the ditch water level resulted in above-average crop yields.

® Most members of the District do not want to sell out. Rather
than part with their lands, they would prefer an interim solution

that might prolong the period of economical agricultural operation.

114, In recognition of these factors, the Corps has developed a

plan intended to function reliably over a range of Missouri River
stages and concurrent interior drainage requirements. In the Middle
and West Bottoms earth-fill blocks are proposed near the riverward
end of the main drains, with gated conduits to permit gravity drainage
during low Missouri River stages. The gravity drain for the West
Botroms will consist of a 72-inch conduit with the necessary emergency
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flood gates. In the Middle Bottoms, it is planned that the twin
36-inch conduits that are already in place can be utilized by ad-
ding the required flood gates. When stages are higher, the gates
will be closed and the water level in the main drains will be re-
gulated by two 3,600 gpm pumps at each installation discharging

over the earth block into the Missouri River,

115. This plan has been presented by the Corps during formal wmeet—
ings of the Buford-Treanton Irrigation District in April and July

of 1976 and in April of 1977. It has been indorsed each time as
much preferable to land acquisition and meriting a trial. The
Corps proposes to design and construct these works utilizing oper-
ation and maintenance funds appropriated for the Garrison project,
after advising the proper Congressional Committees. Given their
clearance, it is planned to have the facilities operational by the
start of the 1978 irrigation season, Total cost of the plan is
estimated at $500,000.

116, Such a procedure has a number of advantages. A few more years
of observation may confirm whether river stages have indeed reached
equilibrium or whether they are continuing to rise, and their rate.
These answers, in turn, would make possible a more definitive con-
clusion as to how many additiomal District lands may be affected

and how soon. It is possible that improvement of ditch drainage

may prove to be only a temporary solutiom. 1f this is confirmed,
Congressional authority will have to be sought for the only remain-
ing alternative - land acquisition similar to that carried out at

the Lewis and Clark and East Bottom units. In the meanwhile, the
drainage plan will have responded to expressed Congressional inter-
est and the test of public acceptability. The cost of acquiring

the entire District was estimated in 1974 at ten million dollars.

If this represents the capitalized worth of production, the bene-

fit of postponing that production loss for one year at today's inter-
est exceeds the cost of the drainage measures. In actuality, the
project is expected to be effective not for one year but for as many as
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twenty~five,

117, Since the solution adopted as a result of this study is im-
plementable within existing Corps authority after Committee notifi-
cation, and no need exists for recommended further action at this
time, the on-going planning for improvement of interior drainage is

not carried forward into a presentation of the Selected Plan.

BISMARCK-LAKE OAHE
1i8. The problem of lowland flooding and swamping south of Bismarck

during periods of high inflow to Lake Oazhe was discussed in para-
#raph D-82, where it was indicated that an upstream extension of the
‘Jahe  project boundary is being studied under existing authority, 1In
addition to these- surface waters, the area south of Bismarck has
experienced a rise in the ground water table during years past suffi~
cient to cause complaints from some property owners. The area al-
ready contains subdivisions and dwellings which presage still further
growth., Extension of the Oahe project boundaries would remove some
but not all this land from private ownership and the hazard of unwise

land use,

119. Four observation wells have been installed to monitor the water
table in this area, with the oldest dating back to late 1961, Dur-
ing 14 years of observation the water table measured by this well
has risen not quite four feet, Several factors have been identified
which may be contributing in greater or lesser degree to this rise;
they are now being evaluated as an adjunct to the study of extending
Oahe's project boundary,

® During the last seven years of well observation, streamflow
recorded at the Bismarck gage has averaged 140 percent of the pre-
ceding seven yvears and alsc 140 percent of the long-term average
covering 46 vears. Tﬁis series of higher than normal flows has re-
sulted In higher than normal stages,

® The rating curve at Bismarck generally shifted upward two
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to three feet in the years 1952 to 1967 before Oahe Reservoir was
filled and, therefore, before Jahe backwater could have been a factor.
® ‘he rating curve at Bismarck penerally shifted upward an
additional foot after 1967 while vahe Reservoir has been at full
operating level.
® Winter stapes at Bismarck since the Garrison power plant
began operation have increased by about five feet as a result of

increased daily average rclease rates under ice cover.

120. Reconnaissance studies indicate that landward of the areas
inundated by surface water in 1975 there is a belt totaling 2,700
acres where water is within four feet of the surface of the ground.
seyond lie some 8,000 additional acres where the water table is
between four and eight feet deep. llost of this area would ve inun-
dated by the l0U-year fleod, which could occur because of high Ilows
out of the Ueart or knife River or because of ice jams which nay
pose a threat even during periuds of considerably lower flow. Sone
of this acreage could be raised above the lUOG-year hazard with two
or three feet oi fill material; this would not be enough, however,

to dispel the problem of hiph pround water.

121. Because these lands are in the path of Bismarck's southward
srowth, their owners have shown a marked lack of enthusiasm toward
zoning them [or non-structural wuses. During the late 1960's che
Corps attempted to implement a Congressional authorization to ac-
quire some holdings in this areca for wildlifc mitigation for Lake
vahe, but intense local opposition put a halt to the appropriation

of funds.

122. Until on-poing studies are complete, no final conclusions can
be reached about system effects upstream of the revised Oahe boundary.
Since this problen is being dealt with under existing authority, no
additional recommendations are made in tbis report. lonetheless,

the area needs continuing? attention from local authorities as a
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problem area calling for careful land use management to prevent un— -
sound development in an area that lies in large measure within the

i00-year flood plain,

NIOBRARA REACH

123. Along the Missouri River reach upstream of fhe diobrara, any
Congressional weasures directed toward relieving landowners from
surface flooding could accommodate losses from vaterlogging as well,
The status of litigation in the area imposes the constraint on the

Corps of Engineers already described in paragraph D-85.

Bank Stabilization

P24, The alternative of soft bank protection, retained for further
wonsideration in this section, responds to a need which was recog-
nized a nuwber of years prior to tihis study. FL 88-253, the 1963
Flood Conrtrol Act, modified the Flood Control Act of 1938, "to in-
clude suchh bank protection or rectification works at or below the
Garrison Reservoir as in the discretion of the Chief of Engineers

and the Secretary of the Army may be found necessary."” In accord-
ance with the Act's legislative history, seven sites were selected
for construction in the reach from Stanton to Bismarck, North bDakota,

and have been nearly completed.

125. Continuing awarencss by Congress of bank erosion problems
within the present study area was evident in Section 32 of PL 93251,
the Streambank Erosion Control Evaluation and Demonstration Act of
1974, The Act provided that: "At a minimum, demonstration projects
shall be conducted at multiple sites on ---" a total of four desig-
nated river reaches within the continental United States. lialf of
these lie within the compass of this report, specifically: "that
reach of the Missouri River bLetween Fort Randall Dam, South Dakota,

and Sioux City, Ilowa;"

and, "that reach of the Missouri River in
horth Dakota at or below the Garrison Dam." 1In response to this
legislation contracts have been awarded for work at one site in the
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Garrison reach and two below Gavins Point, with two and four ad-

ditional sites in the respective reaches currently beiny desipned.

126, The most recent Conpressional expression that bank erosion

on the llissouri River is a problem which can and will be solved

is contained in Section 161 of PL 94-587, the Water Resources Uevelop-
ment Act of 1976. This Section amends Section 32 of the 1974 Act

by identifying the work now under contract or design in the Garrison
reach through specific river mile and bank designation and by adding

18 new sites designated in similar fashion.

127, From this recitation it is apparcnt that the citizenry and
public officials along the lissouri River have imbued Congress with
a belief that bank erosion is a scrious problem which deserves
remedy. Tangible expression of this belief has continued almost a
decade and a half; there is every indication that concern to sec the
job done is increasing. The methodology utilized thus far - that of
direct Congressional response to locally identified problems - has
produced results. A drawback does exist; results so produced tend
to be piecemeal, with tne liklihood of neglectiny other areas of

equal severity.

128. At this writing, Congressional perception of hank erosion
within the study area falls into three categorics:
The reach below Garrison, where action has been directed at
specific locations
® The reach between Fort Randall Dam and Sicux City, where

action has been directed '

'at multiple sites" to be determined Dby
the Corps of Engineers
® All remaining reaches, which must compete with the rest of

the ilissouri Basin and of the nation where mandatory action is absent,

129. Specific data are available with which to identify the critical

areas within the second and third categories listed above. The
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alternatives which remain available within the scope of this report
are to analyze that data and to make recommendations aimed toward
systematic, efficient and economical completion of the job which
Congress has instituted or to provide no input. The latter option
will result in a continuation of the authorization and construction
processes now going on, not in a suspension of that process. The
alternative of no rederal action, which is almost omni-present during
the formulation of water resource plans, has little credibility in

this instance if past events afford any perspective of the future,

Hydro-Power

130, After prelininary screening, potential hydro-power additions

at tour of the main stem dams and four locations suitable for pumped-
storage were retained for further consideration. 7The next step was
an evaluation of how well each element could be accommodated within
the numerous constraints imposed by main stem operations and the
regional power load, followed by analyses of project sizing and
finally by investigation of alternative impacts on the Missouri River

downstream of the affected main stem projects,

ACCOMMODATION 'TO OPERATING CONDITIONS

131, Paragraph C-59 and PFigure C~6 offered a presentation of plant
lactors at the existing hydro-power installations under depletion
conditions ranging from 1970 to ultimate levels. These values were
derived by averaging generation over the entire period of hydrologic
record, and while they present an informative peneralization of the
effects of depleted flows on power output they do not suffice for
the actual evaluation of pussible additions to the hydro systen,
Since they represent an average of very dry years, very wet years
and near normal years, they offer little indication as to how the
magnitude or the duratiorn of drouth period flows, when dependable
capacity is measured, alfect existing powerplants and potential ad-

ditions.

I32. It has been mentioned earlier that dependable capacity of the
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nain sten systenm is measured during the fourth year of 'the drouth
of the '30's," 1933, Project storage and hence project capability
averaged over the period 1954 throupgh 1904 closely approximates
1933 conditions. Since an ll-ycar period is encompassed by this
second~most severe drouth of record, it pives a more reliable indi-
cation of release patterns than would the inflow-dependent pecu-
liarities of a single water year such as 1933, Table D~-2 shows
average release rates obtained from operation studies analyzing a
recurrence of flows under depletion levels of 7.6, 14.7 and 16.3
million acre-feet per year above Sioux City. The high and low values
were reported by the Ad Hoc Uommittee to be the ultimate depletion
level and the level prevailing about 1980. The intermediate of
14,6 maf represents conditions in 2000 as estimated in the State-
Regional Future for the National Assessment. Extrapolation of this
estimate would indicate the level of ultimate depletions to be
reached by 2010.

TABLE D-2 KEFFECT OF DEPLETION LEVELS OH
DROUTH PERIOD RELEASES

Relecases in cfs

Project for the period 1954 - 1964
7.6 mart 147 ARt 1.3 mard/

Ft. Peck - annual average 8,200 6,800 5,700
Garrison - annual average 19,000 11,800 8,300
Oahe =~ Jul ~ Aug - avg. 26,400 13,800 7,200
Oahe - Dec - Jan - avg. 19,300 14,000 6,000
Ft. Randall Jul - Aug - avg. 26,800 17,600 8,800
Ft. Randall Dec - Jan - avg. 7,300 4,600 6,600

1/ Average annual depletion above Sioux City

133, Table -2 reflects two distinct operating regimens; one appli-
cable at Fort Peck and Garrison, the other at Oahe and Fort Randall.
Discharges from the latter two projects must support the patternming
of release targets downstream of the reservoir system, with flows

during the navigation season two or more times the magnitude of non-
navigation flows. Although the annual peak for this marketing area
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has shifted over the years and dependable capacity is now measured

at the end of August rather than the end of December, both values
have significance in planning addi;ions to serve regional loads.

For this reason the average of July and August values is tabulated

as representative of the summer peak period while the December -
January average is included to show the available water supply during

the somewhat lower winter peak.

134, At Fort Peck and Garrison, releases are not geared directly to
navigation requirements. Seasonal differences developed during past
operation studies have reflected power demands projected by marketing
estimates; as future patterns of demand change, (from winter to summer
peak, for exaﬁple) releases can be shifted to accommodate them. Conse-
quently, the average annual water supply avallable serves as a cone
servative indicator of power plant utilization. Some opportunity for
optimization beyond this level exists; at Fort Peck, for example, the
average annual release rate of 8,200 cfs shown in Table D=2 could be
shifted to an average of 9,700 cfs for eight months and 5,200 cfs

for four months - or any other arithmetic combination which operat-

ing conditions made desirable.

135, Based upon the available water supply and constraints on its
regulation, Table D-3 shows plant factors corresponding to the re-
lease rates given in Table D-2. Values are given for both the
existiﬁg power installations and for the projects with turbines added
to every flood control tunnel (except for two at Oahe, reserved for
flood control releases) under sizing proecedures described in para-

graph D=-146 et seq.

136. Information contained in Table D3 provides a basis for evalu-
ating the role of additions to the existing hydro-power system. Fort
Peck, the uppermost reservoir, is little affected by growing depletions,
which are in large measure located further downstream. Even without
patterning the average annual release in order to serve the months
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TABLE D=3 DRUUTH PERIOD PLAAT FACTORS ~- EXISTING AND ENLARGED PLANTS

Plant Factor in Percent

1/ 1/

e 14 gmapt 1/

16, 31AF—

Fort Peck annual average

Existing 55 51 49

Enlarged 26 24 23
Garrison annual average

Lxisting 5l 35 27

Enlarged 30 21 16
Uahe.July - Aug. average

Existing 53 21 16

Enlarged 41 16 12
Uahe Dec. - Jan. average

Existing 37 20 15

Enlarged 29 15 11
Fort Randall July - Aug, average

Existing o7 40 24

Enlarged 36 22 13
Fort Randall Dec, - Jan. average

Existing 18 13 18

Lnlarged 10 7 10

1/ Average annual depletion above Sioux City

of peak demand, there is projected to be enough water under the
ultimate depletion level to peak for 5-1/2 hours per day. At
Garrison, the effect of increased depletions will be felt more
strongly; declining flows may be expected to reduce plant factors
for both existing and enlarged installations by nearly half. Even
so, the enlarged installation will be able to average four hours of
generation daily through a recurrence of the 1954-64 drouth period;
modest utilization of inherent flexibility in patterning monthly
releases to peak demand could insure six hours of generation during

periods of highest demand.
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137. 1t has already been noted that Oahe and Fort Randall cannot be
responsive solely to the need for power generatiomn; they must also
support requirements for system outflow., Moreover, these projects
feel most acutely the impact of reduced streamflow, with plant factors
under ultimate depletion levels dropping to one~third of their early
values. While all other values in Table D~3 decline along with a de-
clining water supply, the December - January plant factor at Fort
Randall is higher with 16,3 million acre-feet of depletion than with
14,6, This results from a shift in system objectives in the study

of ultimate depletions. The navigation function was regarded as no
longer viable under these conditions; with its discontinuation went {
the need to store winter flows for summer use, as shown by the forty

percent decline (40 to 24 and 22 to 13) in the July - August plant

factor,

138. The plant factors shown in Table D-3 indicate that with ulti-
mate depletions and 1954-1964 average flows, Oahe and Fort Randall
could generate between two and three hours per day. The critical
question not answered by the table is that of timing - do the additions
have a good prospect of recouping their capital investment before

such constraints occur? Paragraph C-43 through C~-48 discussed esti-
mates of depletion growth developed by the Ad Hoc Committee and ex- ‘
tending to 2060. Paragraph D-132 indicated the projection in the

State Regional future that near ultimate depletions could occur by

the turn of the century. Within estimates of such wide range, it is
not possible to formulate additions to the Fort Randall and Oahe
powerplants with any assurance of their economic feasibility. If

Ad lioc growth rates are sound and depletions less than ultimate pre-
vail until 2060 or beyond, the plants will have long since been
amortized, a feat which i1s impossible of accomplishment by the year

2000,

139, One of the findings of this report is a need to identify
priorities in water use, develop costing an. markeiing pelicles a -
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document water rights. Such an effort could be expected to narrow
materially the present divergence in estimates and to make possible
an evaluation of additions to the Fort Randall and Oahe power proj-
ects in consonance with a recognized water use policy. Failing
this, a further observation of the rate of unregulated growth in
main stem depletions would of itself provide a somewhat better

page of the more remote future than is presently at hand. In view
of these uncertainties, additions to Fort Randall and Oahe have

been deferred from further consideration in this study. It is re-
commended that they be reviewed immediately following the establish-
ment of a joint State-Federal water use policy for the upper Missouri
basin, or in any eveut not later than 1985, and that recommendations
as to their disposal be made in accordance with conditions then

perceived.

140. Documented here, for consideration when these projects are
re-evaluated is the operational flexibility inherent in Oahe because
of the downstream location of Bip Bend. Except for some detriment
to fishing success at Pierre and a modest reduction in the elevation
of Big Bend, Oahe Reservoir can be shut down on week-ends without
problem, thereby providing increased releases during the remainder
of the week, A comparable operation would be very detrimental in

the 45 miles of open river below Fort Randall.

141. Additions to the Fort Peck and Garrison power plants which
showed viability whatever the rate of depletion growth, were re-

tained for additional analysis.

142. While main stem power projects and any future additioms to
them must be assessed in light of the vagaries of their water
supply, a different set of factors affects the addition of pumped-
storage hydro-power to the system. Given enough forebay sites,

the total of pumped-storage additions is limited by the availability

of surplus energy for off-peak pumping operations and the ability
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to provide an adequate transmission grid. In contrast to conventional
patterns of power distribution, the transmission net centered around
a pumped-storage plant must be capable of moving in to the plant

half again as much energy as it is designed to move out, and the
suppliers of this energy may be more diverse and remote than is the

conventional load.

143, Reconnaissance investigation of potential pumped-storage sites
narroved the field to two at Fort Peck with pgross heads of 950 and 470
feet, each sized at about 1,200 mw; one at Lake Sakakawea with 350
feet of head and 700 mw; and one at Lake Francis Case with 710 feet

of head and installation of 1,200 mw. These study results were pre-
sented to the marketing agency for further analysis. The Bureau of
Reclamation found pumped-storage sites at Fort Peck to be too remote
from load centers in the Missouri basin to make possible reliable
power transmission, particularly to headwater locations, without
losing financial feasibility. These sites were dropped from further

consideration.

144, At Garrison, strengthening of the existing transmission grid

to accommodate pumped storage in the near term would impose the same
financial problem reported at Fort Peck —- inability to repay costs
within fifty years. The Bureau did identify two factors which could
improve future prospects for this option: exploitation of the large
coal and lignite deposits in North Dakota by building addit{ional
thermal generation would require corresponding increases in trans-
migsion facilities, and the base-loaded coal plants could market off-
peak energy to the pumped-storage facility. The Bureau suggested re-
examination of this alternative subsequent to 1985 in the light of
actual development experienced. This report, accordingly, proposes
that construction of pumped-storage at Garrison as well as additions
to the Oahe and Fort Randall power plants be reviewed in the mid-
1980s as to their potential role in the marketing area as it then
exists.
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145, The pumped-storage project adjacent to Lake Francis Case was
designated as the Gregory County project. All elements of the

project appeared favorable and it was retained for further study.

PROJECT SIZING

146, Additions to the main stem projects have been planned to take
advantage of flood control conduits already in existence. Conse-
quently, not every consideration required of the planner of 2 com~
pletely new installation is applicable to this analysis, Critical
head has already been established; the maximum number of units is
fixed by the number of existing conduits; the procedure for deter-
mining dependable capacity has been accomplished. Two areas of
latitude do remain, however: what size should individual units be
and how many of the available conduits should be utilized for power
generation. The pumped-storage alternative, of course, is a com
pletely new installation and selection of the project size and

plant factor are unconstrained by existing project features.

147. Given a power conduit of fixed dimension, turbine output may
be increased by permitting conduit velocities to increase, but not
without cost. Head losses also increase and energy production de-
clines; beyond a certain limit the évailable wattapge will start to
decline as well. Contact was made with a leading turbine manu-
facturer to obtain the data necessary for optimization studies in-
volving various velocities. Since the manufacturer had no data

for velocities higher than 35 feet per second, that value was
accepted as an upper limit. At Garrison this limitation proved in-
consequential; as shown in Figure D-1 the point of optimization was
reached at a lesser velocity. The further alternative of using one
or two rather than all three available conduits was discussed with
staff of the Bureau of Reclamation. They expressed a need for all
available capacity; moreover the full installation maximizes net
benefits. Since both the marketing requirements and economic formu-
lation were best met by so doing, the Garrison addition was sized '
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at three units totaling 272 mw.

Figure D-1 OPTIMAL PLANT SIZING - GARRISON

PENSTOCK VELOCITY IN FEET PER SECOND

[ I

31 .___h‘h“h. —_

T~

ANNUAL NET BENEFITS - $§ MILLION

. | | | | |
160 200 240 280 320 360 400
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148, At Fort Peck, the opportunity to optimize net benefits in like

fashion was limited by structural considerations. It is proposed to
locate the additional units in a third powerhouse adjacent to power-
houses one and two. Slope movement in this area was observed during
excavation for the outlet works in 1934 and has continued, Because
of this, it was considerec¢ impractical to require removal of any

part of the right basin stilling wall. These limitations on power-
house size, and the excavation depths necessary in its construction,
limit, in turn, the size of the machinery installed. Sverdrup &
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Parcel and Associates, Inc., in their Preliminary Study, Additional
liydro-power prepared in 1973 under contract with the Omaha District,
fixed this maximum at two units of 92.5 mw each, The limitation has

been observed in this study.

149. Here, as at Garrison, there exists an option concerning the
number of units to be added. 1Initlally, the Corps gave serious
consideration to the recommendation of one unit without a reregu-
lation structure (discussed in Para. 152). This configuration

would increase power plant releases by 57 percent rather than 114
percent. It was felt that the single unit could be used in a proto-
type evaluation of the effects of increased peaking discharges, with
the possibility of adding a second unit, should environmental con-
cerns fail to materialize. Both the State of Montana and the Fish
and Wildlife Service, during the course of a public meeting on

study results held at Great Falls, took strong exception to this
procedure. bBoth said the Corps was temporizing - to the detriment
of power production and of the riverine environment as well. Hence,
the two-unit concept was adopted, together with an analysis of

lessening downstream effects,

150. 1In sizing Gregory County, the first limitation to be observed
was the availability of pumping energy. The Federal Power Commission's
estimate that 1,500 mw of pumped-storage generation could be sup-
ported by the time design and construction were accomplished has
been verified by the marketing agency. The hours of operation,
which affect forebay sizing, were set at ten per week day, again by
mutual agreement as the shape of the load curve. Although a point
of diminishing returns had not been reached at penstock velocities
of 35 feet per second, this value was used for design in the absence
of additional data, Further optimization studies of this aspect

may be warranted during advanced design. Subject to the above con-
straints, three installations sized at approximately 800, 1,200,

and 1,600 mv were costed in detail. The resultant relationship
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between size and net benefits is shown in Figure D-2. The 1,200 mw

project was selected for further study,

Figure D~-2 GREGORY CUNTY PUMPED-STORAGE PLANT
SIZE OPTIMIZATION
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151, During the series of public hearings on study findings the
Corps was presented with an alternative at Gregory County which had
not been previously considered. Sparked by drouth conditions in the
area, representatives of several communities and agricultural areas
requested the incorporation of municipal and rural water supply and
irrigation water to be obtained from the Gregory County forebay.

The proposal was retained for further study.

ALTERNATIVE TREATMENT OF DOWNSTREAM EFFECTS

152, One consequence of increased power plant capacity at existing
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projects which has previously been noted 1s a change in discharge
regime, with higher high flows and lower or more prolonged lows,

These fluctuations can be reduced to a large extent by the con-
struction of downstream reregulation reservoirs. Such a structure
would be designed to receive the widely varying flows and store

them for release at a uniform or nearly uniform rate. At both

Fort Peck and Garrison the potential exists to install such structures
and they were retained for further consideration. At Gregory County
no need exists, since power discharges would be made directly into

Lake Francis Case.

SUMMARY
153. Screening conducted in the study to this point left the
following alternatives from which to choose hydro-power elements of
the selected plan:
® Addition of 185 mw at Fort Peck with or without reregulation
® Addition of 272 mw »t Garrison with or without reregulation
® Construction of 1,180 mw of pumped storage at Gregory County

with or without multiple-purpose water supply as a project function,

Recreation, Fish and Wildlife

154, This phase of the study eliminated three possible opportunities
in the area of recreation, fish and wildlife from further consider-
ation:

® Re-establishment of trophy fish population in Lake Oahe and
Francis Case by construction of subimpoundments for rearing

® Introduction of substitute species in the lakes to reinsti-
tute trophy fishing

® Improvement of access to Fort Peck public use areas

155. Two alternative methods of satisfying the objective of re-
stocking trophy fish have already been identified: rearing sub=~
impoundments or rearing in hatchery facllities. The cumulative
effect of several factors ruled out further consideration of
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sub-impoundments:

® Embankments and flow structures designed to function through~
out the range of main reservoir elevations are elaborate and expensive,

® The contributing drainage area makes sub-impoundments vulner=-
able to sediment deposition.

® Cold spring rains or significant snow-melt inflow pose the
threat of high fish mortality resulting from sudden temperature
changes,

® Establishment of plant growth to support a forage base is
more difficult in a sub~impoundment where both soll and water level

are less subject to optimal management.

156. Several new fish species have recently been introduced into
Lake Oahe by the State, These include kokanee salmon, lake trout,
and brown trout. Some of these species have the potential to

become permanently established and would represent a definite asset
to the lake fishery, adding to the diversity of specles. However,
indications are that these species in large lake environments tend
to occupy the deeper and more imaccessable parts of the lake. Under
these circumstances specialized tackle and equipment are needed for
figshing success; consequently, these fish cannot be considered avail~
able to the average visiting fisherman. It is concluded then, that
despite the desirability of introducing new apecies, such action is
a complement to the re-establishment of northern pike rather than

an alternative,

157. Residents of the Fort Peck area have for years cited the lake
as a neglected opportunity. Despite a shoreline longer than the
coasts of Oregon and California combined and annual visitation half
as large as Glacier National Park's, the project cannot boast one
all weather road leading to the body of the lake. Withoui question,
improved access would increase visitor use, but problems of cost
have yet to be resolved. Access to the thres areas favored by State
and local authorities must cope with long distances (in excess of
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20 miles), soils with poor trafficability, and local scarcity of
good gravel. The total estimated cost of eight to twelve million
dollars for all three roads puts them outside the capability of
State or local financing. Although Public Law 93-643, the Federal
Aid Highway Amendment of 1974, provides for 70% Federal cost sharing
in the construction of access highway to certain lake shore public
recreation areas, funding has been limited and the priority of Fort
Peck recreation areas has been too low to result in a solution to

the problem.

158. Future efforts must be based on identification of those areas
with the greatest recreational potential and establishment of
priorities for their development. The most appropriate vehicle for
accomplishing this seems to be the Fort Peck Master Planm, which is
scheduled for updating in FY 1978. The update will include an
assessment of the entire project's long-term potential as a public
recreation resource and of its ability to meet specific long and
short-term public needs. Access will be addressed as one of these
specific needs. A separate report to Congress will be prepared 1if
the update effort shows it to be warranted; it would contain docu-
mentation to support funding recommendations. Since this established

procedure is available, no further action is proposed in this report.

“Selecting a Plan

159. Federal agencies within the Executive Branch are obligated to
conform, to the fullest extent appropriate, with the Principles and
Standards for Planning Water and Related Land Resources, 38 FR
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24778-24869, 10 September 1973, as implemented for the Corps of
Engineers by the 10 November 1975 publication of the ER 1105-2-200
series, The Syatem of Accounts (SA) is a display presented at the
conclusion of this section with the four accounts of National Economic
Development (NED), Environmental Quality (EQ), Social Well-Being (SWB)
and Regional Development (RD), This display is a specific require-
ment of the Principles and Standards; it contains information in-
tended to demonstrate the significant adverse and beneficlal effects
as measured by the yardstick of the four accounts, for each alter-
native subjected to P&S evaluation. Specified evaluation criteria

in Principles and Standards implementation guidance include accept-
ability, completeness, effectiveness, efficiency, certainty, geo-
graphical scope, NED benefit-cost ratio, reversibility and stability.

These parameters are analyzed in appropriate portions of the display,

160. No such obligation rests upon the Legislative Branch to observe
Principles and Standards methodology, and to the extent that Congress
has bypassed that methodology in enacting water resource legislation
it is omitted from full treatment in the System of Accounts, Environ-
mental impacts, however, are assessed for each structural alternative

discussed.

161. For each element evaluated in the System of Accounts, one or
more numerical entries under the colummnar head "Coding" will be found.
These comply with specific requirements of ER 1105~2-92! and are de-

fined as follows.

Timing
1. Impact is expected to occur prior to or during imple-

mentation of the plan,

2. Impact is expected within 15 years following implemen-
tation,

3. Impact is expected in a longer time frame (15 years or

more following implementation.
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® Uncertainty
4. The uncertainty associated with the impact 1s 50 per=-

cent or more.
5. The uncertainty is between 10 percent and 50 percent.
6. The uncertainty is less than 10 percent.
® Exclusivity
7. Overlapping entry; fully monetized in NED account.
8. Overlapping entry; not fully monetized in NED account.
® Actuality
9, Impact will occur with implenentation.
10, Impact will occur only when specific additional actions
are carried out during implementation.
11, Impact will not occur because necessary additional

actions are lacking.

Bank Stabilization

162. Courses of action in response to the area's bank erosion
problems have been reduced to two alternatives with a reasonable
prospect of cccurrence:

® In the absence of technical input and consequent recommen-
dations in this report, a continuation of the existing situation
may be expected. This situatiom is not, however, one of no Federal
action. It consists of Congressional action without the benefit
of timely assistance from the Corps of Engineers in the form of
advanced establishment of critical areas, priorities of effort and
cost estimates. The follow-on to such action is a belated effort
by the Corps to remedy these data gaps, a sequence of unnecessary
and ill-received delays in placing the works under construction,
and an overall increase in project cost.

® Based upon analyses of technical data accomplished during
this study, the Corps of Engineers can document the scope of the
stabilization job yet undone, distinguish between those portions
specifically required by Section 161 and those permitted by Section
32, and recommend an optimal plan to accommocdate both elements,
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163. To define two such alternatives is to select ome, This report
does contain study results, It does present recommendations for treat~
ment of the problem areas, recommendations which have received wide-
spread support from agencles of State and local government from emi-
nent environmental interests and from citizens who spoke at public
meetings held throughout the area, It must not be forgotten, how-
ever, that selection of this alternative is the result of a unique
pair of prior conditions which bears repeating here. First, there

is no reasonable basis to weigh the selected plan against lack of

any Federal action; Federal action has been, is now, and will con-
tinue to occur, Secondly, this existing commitment to Federal action
renders application of the Principles and Standards irrelevant. The
Principles and Standards are a methodology whereby water resource
agencies in the Executive Branch formulate water resource plans.

This plan has long since been formulated and in part implemented;

the point of no return has been passed.

i64. The procedure selected by this report in response to the bank
erpsion problem consists of a recommendation for the following ele-
ments :

@® Design and construction of works at Missouri River sites
specifically identified and authorized by Section 161, PL 94=578,

® Design and construction of works at sites authorized by
river reach below Garrison, Fort Randall, and Gavins Point Dams in

Section 32, PL 93-251 and identified in this report,
® Design and construction of works at sites identified in this

report in the reach below Fort Peck Dam (at five locations) and in

the reach below Dahe Dam (at one location).

165, As one of the major water courses on the North American con-
tinent, the Missouri River will not be restrained by a single structural
effort and subsequent neglect. No matter how soundly designed, bank
stabilization will require follow-on maintenance. The Streambank

and Erosion Control Evaluation and Demonstration Act of 1974 called
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for local sponsorship of all works accomplished thereunder; if it
is to serve as an adjunct to that Act this report must be consistent
with it. The very magnitude of the undertaking does, however, call
for a down-to-earth appraisal of the assumption of maintenance re-
sponsibility. No local agencies within the study area possess the
resources to maintain a project while it is in the "evaluation"
phase. Only when project works have reached a condition of evident
stability will it be realistic to transfer responsibility to local
sponsors. Understandings toward this end have been reached in ob-
taining sponsorship for work on the seven sites in the Garrison
reach under PL 88-253, where a three-year "seasoning period" after
completion will precede local assumption of maintenance responsi-
bility. In similar fashion, all Section 32 projects will be under
Federal maintenance throughout a "“demonstration period” up to five
years long, after which the project will be rehabilitated as
necessary before turning it over for local maintenance. A com-

patible approach is proposed in this report.

Hydro-Power

166. An environmental quality (EQ) plan element addressed to
electrical generation appears obscure at best, Designated EQ plan
elements must satisfy rigid requirements which conflict with the
planning objective of fulfilling future energy demands. Moreover,
the option of "No Federal Action" does not resolve the dilemma
since our present national response would be to meet the demand by
private means. The non-Federal alternative, if built within Federal
and State water and air pollution standards, should not result in
significant adverse national environmental quality effects. This
does not suffice for qualification as an EQ element, however; net
positive environmental effects must be identified. These are
lacking in the least-costly, non-Federal alternative, which in
this study has been determined to be oil-fired combustion turbines
at load centers throughout the region. Consequently, combustion

turbines are precluded from designation as an EQ element; however,
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they most nearly approach EQ requirements and will be regarded
throughout plan evaluation as the EQ oriented NED alternative. Flant

locations and some other detailed data are lacking at this juncture,

ADDITIONAL UNITS AT FORT PECK
167. The two remaining concepts for adding to the hydro-power in-

stallation at Fort Peck eatail putting turbine~generators on the two
existing flood control tunmnels for a total increase of 185 megawatts
installed capacity. One alternative includes a reregulation dam
elght miles downstream; the other omits it. The third alternative
shown in the display is the non-Federal alternative consisting of

an oil-fired combustion turbine. The next four paragraphs summarize

effects displayed in the System of Acecounts tabular presentation.

168. National Economic Development: (Displayed in Table D-4)

® The cost of the non-Federal alternative serves as a surro-
gate estimate of benefits for the hydro-power alternatives. In the
current analysis, the non-Federal alternative is presumed to provide
benefits equal to the associated costs resulting in a benefit-cost
ratio of 1.0. (Plan A)

® The plan which shows the greatest net benefits is the two-
unit 185 megawatt alternative without a reregulation structure,
This alternative is the designated NED plan with net benefits of
$3,11%,000 and a benefit~cost ratio of 1,7. (Plan C:

® The alternative with reregulation, which responds to exprensed
environmental concerns at an addition of $13,000,006 in capital costs,
provides net benefits of $2,301,000 and a benefit-cost ratio of 1.4, (B)

169. Environmental Quality: (Displayed in Table D~5)

® The alternative without reregulation, noted as the NED plan,
has incurred significant environmental objections. It would increase
the instantaneous peak discharge from Fort Peck by 17,400 cubic feet
per second (116%) resulting in fluctuations in the tallwater area
some 3},6 feet greater than under existing operating conditions;
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eight miles downstream the increase would be 2,8 feet, About 150
acres of terrestrial habitat would be lost in the first 20 miles
due to increased river stage fluctuations, Riverine losses would
also be experienced in this reach since fish spawning and benthic
productivity would be reduced., {(C)

Reregulation would minimize fluctuations downstream, con=
centrating them in the eight-mile reregulation pool. (8) The pool
jtgelf would cause some loss, however, inundating 200 acres of ex-
isting terrestrial habitat and increasing the potential for the
spread of waterfowl disease. On balance, a reregulation structure
is preferred by the U. S. Fish and Wildlife Service and concerned
state agencles over operation of the additions without regggulation.

The non-Federal alternative (A) of oll-fired combustion tur-
bines would not be expected to exceed current State and Federal air
quality standards. Air quality parameters of relevance are parti-
culate content, sulfur dioxide, and nitrogen dioxides. Based upon
the performance of gimilar units already designed, particulare
content of emissions would be of minimal concern; any one of the
several turbine installations could be expected to increase exisgt-
ing annual peak-day concentrations by about a percent and annual
average concentraticns by less than one=hundredth of that amount,
The annual and average increments by which 502 would contribute to
allowable limits under Federal air quality standards approximate
three percent for peak-day and 0.3 percent for annual average load-
ings. The impact which emissions of nitrogen oxides would have on
local and reglonal photochemical oxidant concentrations is currently

unknown.

170. Social Well-Being: (Displayed in Table D=6)

Common to all three alternatives would be a positive contri-
bution in meeting the growing power needs of the region, thereby
maintaining or raising employment productivity and the resultant
standard of living.

Over the long term a somewhat higher fraction of long-~term
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income would be required to obtain a given amount of power under
the non-Federal alternative, since it is less cost-effective than
either Federal alternative. In addition to the greater production
cost per KWH, this type of facility consumes scarce non-renewable
fossil fuels, the movement of which to a plant site would place
additional requirements on the existing transportation system,
Construction employment is estimated at 50 persons; because peaking
turbines are customarily located at or near a major metropolitan
load center, demands for housing and community services during the
construction period would be met with less stress than under either
of the remalning alternatives,

® Effects of hydro-power alternative B or C during construction
would be localized and would relate primarily to construction worker
demand for housing and community services. The peak employment re-
quirements for the hydro-power alternatives with and without re-
regulation are estimated at 350 and 300 workers, respectively. Such
an influx could be somewhat burdensome on the small communities near

the constryction site,

171, Reglonal Development: (Displayed in Table D-7)
® Net benefits shown in the display correspond to net benefits

for the nation. Since consumers in the power marketing region repay
the Federal hydro-power investment and operating costs, and the
annual benefits are based on the annual costs of the least costly
alternatives, this estimate of regional benefits is appropriate.

Also ipncluded are the regional benefits for employment of unemployed
resources, Additional effects relate to local and regional markets
for goods and services, particularly housing, a scarce resource.
Houging construction activities will be induced with concurrent pres~
sure on housing prices during the construction of power alternatives.
This phenomenon will be more significant for hydro-power alternatives
B gnd C because temporary increases in population will be larger

both absolutely and relatively in the sm.’ ar communities serving

the construction area than near the metropolit.n sites of oil-firec
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combustion turbine units. (&)

172. Selection: Addition at Fort Peck of two units with installed
capacity of 185 megawatts and a reregulation structure approximately
eight miles downstream (Plan B) was chosen on the basis of the follow-
ing criteria of primary significance:

® Although Plan B is less efficient in maximizing net benefits
than is the plan without reregulation (Plan C), it still exceeds by
half the efficiency of the non-Federal alternative {Plan A).

® Both Plan B and Plan C result in environmental impacts of
greatef geographic scope than does Plan A. Adverse effects of Plan C
extend downstream perhaps twenty miles while those of Plan B are
confined to the eight-mile reach of the reregulagion reservoir, below
which conditions will be improved over those existing prior to ad-
dition of the two units. ‘

® Plan B is more acceptable in the eyes of State and national
environmental interests than is Plan C. FPlan B is more acceptable
from the viewpoint of regional energy production and national

energy policy than is Plan A,

ADDITIONAL UNITS AT GARRISON
173. In common with Fort Peck, the alternatives retained for final

consideration at Garrison consist of additional turbine-generator
units with and without reregulation (Plana B and C) and a combustion
fired oil turbine (Plan A) to be expected in the absence of either
Federal action. Three flood control tunnels are avallable for use
in the Carrison expansion, compared to two at Fort Peck, and the
installed capacity is correspondingly larger, with an increased 272
megawatts. A comparison of effects under the three plans is dis-
played in the System of Accounts tables at the conclusion of this

summary,

174. National Econonic Development: (Displayed in Table D-8)

® As usual, annual power benefits are based on the annual
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TABLE D-4 SYSTEM OF ACCOUNTS
ADDITIONAL HYDRO-POWER AT FORT PECK DAM

NATIONAL ECONOMIC DEVELOPMENT

Non-Federal
Alternative

Plan A-g/
1 Combustion
Coding — Turbine

Turbine-Generators Added

at 2 Flood Control Tunnels

Plan B Plan C 2/

with without

Reregulation Reregulation

BENEFICIAL IMPACTS IN $1,000

Power 1,6,9 7,799
Area Redevelopwment 1,5,9 0
TOTAL BENEFICIAL IMPACTS 7,799

Investment Cost 1,6,9

Interest and
Amortization 1,6,9

Operation,

Maintenance and
Replacepent (OM&R) 1,5,9

Recreation Loss 1,5,9

7,799 7,799
110 90
7,909 7,889
ADVERSE IMPACTS IN $1,000
84,253 71,100
5,382 4,542
203 196
23 32
TOTAL ADVERSE IMPACTS 7,799 5,608 4,770
Net NED Bepefits 0
Benefit/Cost Ratio 1.0

1/ See Par, 161
2/ EQ Oriented Plan
3/ NED Plan
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TABLE D-5 SYSTEM OF ACCOUNTS
ADDITIONAL HYDRO-POWER AT FORT PECK DAM

ENVIRONMENTAL QUALITY

-F Alternative
Plan & ¢

toding 1/ Combustion Turkine

Turbloe—Caneratoys Added ar 7 Plood Cowtrol Tunnels

?lan 8
With Reregulation

Plan ¢ ¥
Withopt Repe

ulation

Blologleal
Paramaters

Habitat

Aquettc Nor Applicable

Demtrucelon of 10
scres of rarrestrial
habitar at construc-
tlon wite. Vegeta-
tion w(ll be degraded
within the ares adja—
cant fo tha plant
siza. 4/

Terreatrisl  2,6,9

Biota

Mammals 2.6.9 Construction and oper-
atlons will resulc in
the lass of soms small
mammals from tha plaat
alen and edjacant
areas. 4

Bivds Dagradad air quality.
nodes and conarruc~
tlen will ¢l wome
bird spacius feom

the plant araa and
adimcent ara Land-
SCaping may artract
some spacies such as
robine, ske.

Fiah Rot Applicahlw,

Insacts 2,5,% XipoT okgative
effact on femmct

populations. &/

Pollutton
Parsmaters

Water Ko measurabls
affacc on watar
qualicy, barring
o1l wpllle ar
leakage.

Increansd quantitias of
50,, Wa,, CO,, C¢

and parciculate
mattar, Expectad

to wtay withie

ZPA limics.

Increased noise
pollution, expectad
to stay within

EPA Limita,

Bolar

Sae Par. 141

EG Orienced Plam

NED Plan

Impact will oceur with tnitdation of canstruction,

Decreamed tiver etage [luctuacions duwnatreas
from rereg dam. Increasad temperature stabil-
ity dovnetream from rersg dam. Becmuse of
atage stebilization some tidal arese will vege-
tata, lneraasing their habitat value, Approx
441 ner aquatic habirar degradarion in dredge
cut ares with appropriate mirigative messures
to maintwin conmtant water levelw, Approm 901
habicat dagradetion of 8 mi of river. <Changes
in habltat type within the fresboard zome will
not result In signlficent changes Ln nec habi-
tot values.

Loss of spprox 200 acres of tarrastrial hadi-
tar withis Tereg pool. Some land mreas in
rerag pool will be lost due to erosion mnd
bank slope adjustaent. Groundwacer reglmen
w111 be altersd or islands and for an undae-
termined distance from the bank, resulting
in some vegatarionai change ie possi-
hility exists for approx 700 acres of free-
bodrd zorné surrounding rarag pocl. Procac~
tion of isiand land in the freeboard zone
and above and wequisition of wbout 480 acten
of woodland and shrub gr. and would mirigace
the tarrestrial habitat losses.

Losw of some emall asmmale within the rerag
pool aras. Populetions of beaver and suskrar
will show afgoificant decrasses In the rareg
pool ar Dasr populations may show &
alight decrasee.

Some avian habitst will be dewtroyed by lopn-
datlon withle rereg pocl. Some deatrucrion af
Canada goows nesting sites rhe US FHWL edtab-
lished on Duck and Scout Islands. The
presently produce abour 40 goslings & year.
lacds for companaation of goows nasting habi-
tat should kaap a mignificant portion of
cuftant produckion in existence.

Jareg dem will black upstreas fish migration
into Ft Peck tallracs and dradge cuts. Fish
population will be alimina in reveg pocl,
howsvar, dradge cut ares will be pratecied
thus shoving oo significant losass. Paddle-
fi#h will no Longer be sasmonally abundant
in dredge cut arss. A flshery similar to
that exiscing balow Pt Peck Dam will davelop
balow rersg dam. The fishary in dredge cut
aras may have to be managed. Dacresssd stag:
and currant valocity fluctuations will remule
in wlighely improved fieh habitat below rarmg
dem.  Incresssd relucive shundance in Elsh
»pecies balow the Tarag dua,

Ovar 90X decrsass in henthom quentity and
divaraity in rereg pool. Tercastrisl in-
macts in che aTes to ba faundated vill be
aliainated. Due to vegararion of sowe
tidal aras insect populations should show
#light increasmas. 9light incraase in
insect populations in the wrabilirad
dowuntresm reaches.

Temporary turbidicy incresse duw o con-
structlon and erosion in the Tarsg povl.
This turbldity could be of savardl yewrs
durstion, diminishing with tima.

Kot Applicable

Hot Significant

Increased river stage flucruations downetresm
from Ft Peck Daa. Decreased Comperatura stabll-
ity downatream from Fr Feck Dam. Arza of vatar
surfece will decreass significantly mt low wiagans.
Incrassad stage fluceuationa will resulr in
increased tidal srens, This may banafir soma
shora birds bur will reaclt in habitat velue ce—
duction, Reduction in river habirat valua fop
20 mi helow Ft Pack Dy dus to incrazasd stage
and currant fluctuations, Water surface ares
will show drastic raduciions at Luow stages.

Loas of approx 150 acrea of teerestrial habitat
bordering the river dus to a cna-time bank slape
adjustoant. Thiz will occur sporatically For &
dietanca of 20 mi dewnsiresas from Fe Peck Dmm.
Groundwater ragioes will ba altersd on ielands

for wn undetermined distance from che bank, Te-
sulting ip minor habitar changes paar the rivac.
Pariodic inundarion will degrade approx 200 scras
of cervestrial habipar, 150 scres of bankline, and
50 scras of islend. Terzestrial vegersticn occupy-
fng this will ba lost. About 900 acres of
predoalpantly savansh ard hardwood forames would
b acquired to mitlgate thess lossas.

Popularions of rerrestrisl anoimale wuch as dear,
vales, etc., will ahow slight decredss¢. FPopu-
lations of bawvar, mumkrat, atc,, will show
aignificant decre .

Tncreassd potentis]l for waterfowl dlasames dua
tg Soma
odbar nesting eites will ba descroyed fn cidal
ares. Soms destruction of Cenada gooss nesting
witas vhich US FiNL has astablished on Duck sod
Scout Islands. Goslings mmy mot be able to
survive {n this fluctusting habitat. Prassnt
produceion of godlings in this arsa Le approx
A0 per year.

Dacressss in relacive sbundance of tailrsce Eish
speciea. The dredge curs will be protacted
showicg na aignificant loas Dacreasres iu
overall flah abundance will result from stranding
in tawporary pools dus to ruver arage decreasss.

DacTeasad abundanca in aquatic loescts dus to
river sragu and currant veloc{cy fluctustlonm
for approximacely 20 ai dewnstresm from Pt Pack
dam with the most significanc decrasses iu the
upper S-mils remch. Insscc populatiome in the
dredge cut area will oot be affaccad.

Temporary turbidity incresss due to sroslooml
oca-tise hank slope adjustmant. This turbidiey
may be lass than ane ysar in durscion,

Hot Applicabla

Not Sigaificant
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Heaith and Safery

Gommpniey Hell
Belng

Community Cchesioo

De|

rable
Compunity Growth

Regpeation
Opportunities

Aeathetic Values

1/ See Pur. 161
2/ EQ Orienced Plan
3/ HED Plen
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TABLE D-6 SYSTEM OF ACCOUNTS
ADDITIONAL HYDRO-POWER AT FORT PECK DAM

Coding, Y

SOCIAL WELL-BEING

___don-Federal Alternative
Plan & £f
Combustien Turhine

Tutbine—Generators Added at 2 Flood Control Tunnely

Plan B
With Reregulation

Plan € ~
Wirhout Rerrgulation

2.6,%

1,6,9

Dperation emits gaseous and
particulate matter within alr
quality standards. Effects ol
nityogen dioxide, a majer by-
product, unknown,

No. I distillate fuel oil com—
petes with other uses, I.e.
home hesring.

Fuel oil prices subject to
forelgn influence.

Natlonal goal of energy self-
aufflclency nob served by ex-
panded upe of imported fuel.

Conntructien likely to occur
in mecropalitan areas vhere
anfiicient labor is avall-
able.

Addivional requlremente
placed on transportation
systen to move fuel to
plant site.

Site requires 50-100 acres.

Small percentage increase
in mecrepalitsn area econcmy
and reeultant demand for
cowmnunity services.

Plant site removed from
any possible recreation
use.

Lirrle impact in indus-
crial aress.

Ko degradution of air or water
qualiry.

Opecations do not consmea water
or other Tesourcés

Prlees dependent an natlonsl
WATer TeBOULCE WADAgEment
policien.

Natlonul goal of enecgy nelf-
aufficiency ewhenced.

Supplemental skilled snd common
1abor must be recruited hayond
comruting area. Consrruction
workers aod families may place
some gtresad on local community
services and facilities.

No significant effect.

Land acquired, 1290 acrem for
reregulation pocl and 480 acres
for wildlife mitigatlion will be
unavallable for ether naes.

Rural retall and service activi-
ties otimujared by conscruction.
Heed 4 new or refurbished housing
units for permapant persoonel and
families. Profirabiiity of local
businesses and afficiency of
community services and fecilities
enhanced .

Dragtic daily fluctuations in
pool elevation and Tiver stage
will greacly reduce recreation
opportunicles inside the B-mile
veregulation peal.

Reregulation etructure and pool
replace a riverine environment
with an areificial etrocture
where large sand bars are
created daily.

Same as Plan B

Same as Plan B.

Same ag Plan B.

Same am Plan B.

Seme as Plan B.

Same am Plan 3.

Approxtmately 900 acrem acquired for
wildlife mitigation will be vnavaileble
far othar uses.

Same as Plan B.

Praatic daily fluctuations in asctage
greatly reduce recreation oppertunitiee
immediately below dam, decressing to
negligibie effact 10 wpiles dmmstreas.

Low flows occur daiiy creating sand
bars below dam, REffects diminish
downetream, becomlng negligible
within 20 miles.



TABLE D-7 SYSTEM OF ACCOUNTS
ADDITIONAL HYDRO-POWER AT FORT PECK DAM

REGIONAL DEVELOPMENT

Hon-Federal Alternative  Turbine-Generators Added at 2 Flood-Control Tunnels l
1/ PFlan A 2/ Plan B Plan C 2'7
Coding = Combustion Turbine With Reregulation Without Reregulation

Net Benefits

Powser Marketing Reglon 1,6,9 $2,301,000 93,119,000
Rest of Nation 1,6,9 1} Q
Total $2,301,000 $3,119,000
Study Area Employment
Peak Conatruction 1,5,9 50 350 300
Operation and Maint. 2,5,% 10 4 &

Proparty Values 1,6,9

Proparty Tax Revenues

lncome Loss

1/ See Para, 161

2/ EQ Oriented Pian

3/ NED Plan

1,5.9%

Value of land and improve-
ments not affected in

metropolitan Area.

Tax Ravenue on

powerplant: $382,000

Value of housing tempo—
rarily inflated in nearby

communities,

$5,500 lost per year in
taxes on agricultural

land,

$74,000 lost per year
from agricultural land

use,

Same as 2 unita with re-

regulation.

Approximately %3,000
lost per year in taxes

on agricultural land.

$38,0600 loat per year

from agricultural income.
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cost of Plan A.

® Plan C maximizes net benefits at $4,791,000 per year with a
bénefit to cost ratio of 2.0 to l.

® Plan B, which minimizes the effects of hydro-power generation
6n the river downstream of the reregulation pool has net benefits of
$3,534,000 with a benefit to cost ratio of 1.6 to 1,

175. Environitental Quality: (Displayed in Table D-9)

® Plan C increases full-gate discharge from the power plant by
about 30,000 cfs. Typical stage fluctuation in the tailwater area
will increase from the present 11 feet to 16 feet; thirty miles
downstream, typical present and future fluctuations are four feet
and five feet. Another measure of the effects of power peaking on
the riverine habitat is the change in water surface. To evaluate
this paraiteter with some degree of confidence, a special operation
was condicted wherein Garrison discharges were held to zero for 16
hours, Two sets of aerial photographs were taken, along with stage
readings at a number of river gages. The photographs indicate that
ten miles below the dam maximum reduction in water surface of about
30 percent occurred when releases fell from 30,000 cfs to zero.
Thirty miles below the dam, the reduction in water surface was 15
percent, These data do not, by themselves, tell the entire story
of environtiental effects, but they do serve as convenlent indicators
for use in ddcumenting the decision-making process. A full dis-
cussion of project effects of the selected plan is contained in
. Section E.

® Plan B includes a reregulation reservoir approximately 10
miles long within which daily pool fluctuations up to 14 feet will
occur. Downstream, the minimum instantaneous reléise would never
fall below 60 percent of the dally average, theréby providing more
uniform flows than are found under present conditions., This plan
would require some remedial works to insure unrestricted future
operation of the Garrison fish hatchery, About one-quarter of a
iile downstream of the fish hatchery is a Federally-owned tract of
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1,460 acres known as the Riverdale Game Management Area and oper-
ated by the state of North Dakota. Bisecting this tract is a
swale leading from the river, with about 120 acres liying between
elevation 1682 {maximum water surface in the reregulation pool) and
elevation 1685. The North Dakota Game and Fish Department has ex-
pressed concern that the water table will stabilize at the maximum
elevation of 1682, leaving eight percent of the tract with ground-
water three feet or less below the surface and changing the exist-
ing plant community. The Bismarck area office of the U. S. Fish and
Wildlife Service supports this concern; as a resulf both agencies
have voiced total opposition to the reregulation concept. This does
not imply their preference for Plan C; to the extent thelr influence
prevails, the input from both agencies to the study effort has been
abandonment of any hydro-power additions at Garrison., It should be
noted that assuming the water table to stabilize at 1682 is a limit-
ing condition - an unrealistic case nearly impossible to realize.
Transmissivity tests to enable accurate predictions of grouﬁd water
behavior in response toc fluctuating pool elevations have not yet
been made but are proposed during advanced design studies.

® The effects of Plan A would correspond to those of Plan A
at Fort Peck.

176. Social Well-Being: (Displayed in Table D-10)

® All three alternatives help to meet the region's power needs.

® Plan A effects correspond to those identified in paragraph
170 as occurring at Fort Peck.,

® Plan B and C effects in general also correspond to those
shown in paragraph 170. Differences in quantification are identi-
fied in Table D-10.

® In addition, Plan B results in less detriment to recreation
than does Plan C. Along the Missouri downstream of Garrison Dam,
either Plan B or C will probably stimulate sightseeing, However,
participative activities such as fishing, boating and swimming will
be in large measure eliminated in the 20 miles immediately downstream
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of the dam under Plan C, Under Plan B a high percentage of this
activity is expected to survive - merely shifting locale downstream
of the reregulation dam. Participative activities are estimated to
genérate about two~thirds of the present vigitation in the river
downstream of Garrison, which has been ranging from 120,00 to
190,000 per year,

177. Regional Development: (Displayed in Table D-11)

® Regional impacts of the three plans at Garrison do not differ
sijnificantly from those discussed in paragraph 171 as being appli-
cabie at Fort Peck.

178. Selection: Addition at Garrison of three units with installed
capacity of 272 megawatts with reregulation (Plan B) was chosen om
the basis of the following criteria of primary significance:

® Plan C, the NED plan, ia the moat cont effective; however,
compared to Plam A, both Plan B and Plan C provide substantial net
banefits, .

® Both Plan B and Plan C result in environmental effects of
greater géographic extent than Plan A. Adverse effects of Plan C
extend about 30 milea below Garrison Dam while those of Plan B are
confined to the vicinity of the 10-mile reregulation pool. Plan B
will result in improved enviroomental conditions throughout the re-
mainder of the reach below the reregulation dam,

® Plan C will reduce social well-being by largely eliminating
substantial recreation opportunities below the dam, With Plan B,
recreation opportunities will be essentially preserved by merely
‘shifting to a new location downstream of the reregulation structure,

® Plan B and Plan C are more acceptable from a regional energy
production and natiomal energy policy viewpoint than Plan A,

@ Based on the above considerations and the comments received
during field level review of the alternative plans, Plan B was
selécted as a reasonable trade between a decrease in net economic

benefits, environmental quality, and areal extent when compared to
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Plan C.

GREGORY COUNTY PUMPED-STORAGE HYDRO-POWER
179. Only two meaningful alternatives remain for consideration at

Gregory County: Federal construction of a pumped-storage hydro-
power plant or non-Federal fulfillment of the peaking demand by
construction of the most likely alternative source of generationm.
Within the Federal project there does exist the further option
noted in paragraph 151, of providing a multiple-purpose project
providing mumicipal, rural domestic and even agricultural water
supply as well as 1180 mw of peaking power.

180. The opportunity for multiple-purpose use of the project lies
in the large capacity of the units in the pumping mode, wvhen they
can deliver 16,500 cubic feet per second; the aumber of hours per
week committed neither to pumping nor to generation - 55.5; and the
availability of moderately priced energy during a portion of that
55.5 hours. Under these circumstances the water required to irri-
gate 10,000 acres could be raised from Lake Francis Case to the
Gregory County forebay, by operating the pumps for a maximum ad-
ditional duration of an hour and a half per week. The mmicipal
requirements of & community of 1,000 people could be met by running
the pump one additional second per day.

181. Obviously, the Gregory County facility has the physical
ability to serve as a source of municipal and even agricultural
water supply in the high plains area of Gregory County. In response
to numerous local and Congressional inquiries the Corps of Engineers
has emphasized that economic costs have just bagun vhen water 1s
delivered to the forsbay. Distribution for any use and treatment
for municipal use may prove to be the major components of total
cost; these areas lie outside the authorities of the Corps.
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TABLE D-8 SYSTEM OF ACCOUNTS
ADDITIONAL HYDRO-POWER AT GARRISON DAM

NATIONAL ECONOMIC DEVELOPMENT

Coding —

Power 1,6,9
Area Redevelopment £,5,9
TOTAL BENEFICIAL IMPACTS

Inwestment Cost i,6,9
Interest and

Amortization 1,6,9
Operation,

Maintenance and
Replacement (QM&R) 1,5,9

Recreation Loas
TOTAL ADVERSE IMPACTS

Net NED Benefits
Benefit/Cost Ratio

1/ See Par, 161
2/ EQ Oriented Plan

3/ MgD Plan

Appandix 1
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Non~Federal
Alternative

Plan A,zl

Combustion
Turbine

Turbine-Generators Added
at 3 Flood Control Tunnels

Plan B Plan C 2/

with without
Reregulation Reregulation

BENEFLCIAL IMPACTS IN $1,000

9,489
0
9,489

9,489 9,489

115 90

9,604 9,579

ADVERSE IMPACTS IN $1,000

90,748 70,099

5,797 4,478

241 230

32 80

6,070 4,788

NED PERFORMANCE

$3,534,000 84,791,000
1.6 2.0



TABLE D-9 SYSTEM OF ACCOUNTS
ADDITIONAL HYDRO-POWER AT GARRISON DAM

ENVIRONMENTAL QUALITY

Hon-Fede

Plan &
Goding Coabustion Turbine

1 Alternacive

Turkine-Generators pdded st 3 Flood Control Tygnels

Plan B
with Rerejulation

Flan ¢ 27
Withcut Reregoletion

Biologlcal
Parumaters

Rabitat

Aquatic Mo Applicable

1,6,9 Destruction of 10
acres of labltatr ar
construction mita.
Vegetocion will be
degraded within the
area adjacent to the
plant sire. &/

Terrestrial

Blots
Hammals Conarruction amé
Operations will
result in the lose
at some mmall
ramasln from the
plant site and
adtacent area. &/
Birds Degraded mir qualiry,
nolas and construction
will repei vome bire
wpecies From the plant

aren and adjacent areas.

Lindécaping May attract
some specics such ag
robine, etc.

Fish Not Applicable

Minor negative effect
on inmect habitat
and populaticun. &/

Inwacts

Poliution
Pavameiera

Ho measursble
effect on warer
quality, barring
oil apilla or
leakage.

Water

increasad quantities
of 505, HO,, €O, CO
apd particlilace maccer.
Expected to aray
within EFA 1imits.
Rolwe Increased noiae pol-
lutlon, expectad Lo
stay within BPA limirs.

{/ Bee Far.l61

2/ EQ Oriented Flan
3/ NED Plan

Iepact will oceur with iniriariom of commtruction.

Dacreassed river scage fluctustion downstresm
from the rereg dam. Incressad tempermture
stability downstream [rom the reteg dam.
Bacauwse of stage stabilipation some tidal
arear will vegetnte, lpcreasing thelir
habitar value. Approx 901 degradarion

of 10 mt of rivar in the rereg poo) resch.
The "Pike Hole' srwa locatsd approximately
2.5 mi downstrean from Garrison dam wiil
show & 90% habltat degradatlon due to
srage fluctuations. Chanog in habitat
typs within the frwehomrd zona will nat
Tesult in sigoificant changes of net
habitet values.

Loss of approx 180 actes of terrestrial
habitat due to rerag pool lnundation.
Approx 270 arven of wimilay habitat will
be purchased to mitigate this loas. Ground-
water ¥agimes will be alrered on island and
for mn undétermined diarance from the bamk
resulting in scee vegelalional chenges,
causing no net habitat value losa. This
posdibility eximts for approx 1200 acred of
freeboard zons surrounding the rereg poul.
The Riverdals State Geme Management Area
will wuffex some detvimental sffects dus
te rereg pool fluctwations, Approx 411 of
this area will have the potential ro whow
vegatative changes bacacvas of slrerad
groundwater regimes or inundacion.

Lows of wome ewall maomals within the rereg
pool erea. Populations of heaver and
muskrat will show significant decreases in
the rureg pool arsa. Dear populations

may show slight decrensen.

Sows avian habitat will be destroyed by
inurdation. TIncreased potential for
waterfow] dineases Jue to "short
of wigratory flighta.

Rereg dam will block upstream fish migra-
tione into the teilrace area. Fish popu-
intione will be tliminated in the rervag
peol. A fishery sisilay to that exiaring
below Carrison don will develop below

the rerag dms. Any spawnicg Areas with-
1n the revag pool will be slisinated.
River stage increases will result in de-
creased usability of Garrison National
Fiah Hatchery. This problem can ba
alleviated by wicigative efforte. De-
croased stage and current velocity
fluctuatfons will resuit 1a alightiy
improved fish habitat below the rereg
dam, Increased relative abundance of
figh apecies below the rareg das.
Garrison Narional Fish Hatchary will

be modified to remain aperatianal,

Over 90% decrease {n benthos quantiry and
diversity in the Tereg peol. Terrewtylni
ineects in the area to be ipundsced will
be elimioated. Dur to vegetarlon of

et populations whould
Siight increaws in
insect populations in the stabilized down-
utTemm resches.

Temporary turbigity increame due to con-
attuction and eroalon in the rarsg pool.
This turbldity could be of several years
durscian, diminishing with time.

Hat Applicable

Hot Significent

Incrwased tiver wtage fluctuaticns downstream
from Carrisoc dem. lacr d temparature
arability downetywan from Carrisom Dam. Ares
of warar surface will decresme wignificantly st
low stages. Tncraased srage fluctustions wil)
Tesult in incrassed ridal arsas. This may
banafit soms shots birds but will result in »
habStat valus reduction. Heduction in rivar
habitar value for 30 mi below Garrison dam due
to increased stage snd current fluctuations
The "Piie BEole" sres locatwd spprax 2,5 wilea
downstream from Garzrison dam will show & $0X
habitat degradation due to stage fluctuarions.
Warer surface arsa will show drastic Teductions
at lov scages.

Lows of approx 190 acres of terrastrial habitat
beordaring the river due to & one-time bank slope
adjustmént. This loss will be mitigated by the
acquisition of 283 acres of eisilar habltst.

For a distance of 30 ol downarrasm, pasuing
effecte will periodically {nundate approx 190
acres of low bank area. Grounduater Teglmes

will be altarad on islapde end for an undetermiomd
dietance from the bank, vasulting in elner habitae
changes near the river. The Riverdals State

Gume Hanagement aras will suffer some detrimentul
effacts Jue to incrended river atages, Approx
41T of this ares vill have the potential to show
vageracive chanped hecaumd of altered groundwater
ragim

Populations of terrastr animals such as 4
voled, erc., will show dlight decrsasss. Popu-
larichs of wer, suskrat, ete., vill whow
wignificant decresaes.

Increased potential for wacerfowl diseasss due
to “shert-stopping” of migratory flights. Soma
sandbar nearipg siten will be dawtroyad in the
tidal area.

Dacreszses in relative abundance of tailrace fish
mpecies, Any exiwting spavning sites 20 wi
downatrear frow Garzison dam will be swverely
degraded. River atmge fluctustions may elimipatn
upitreas tributary migrations. River stage
incressen will vesclt in decreased uvability

of the Garrison Hational Fish Hatchery. This
problem can be allaviatad by sicigative efforth,
Decreasen in overall fish abundance will resulc
from stranding in temporary pools due to et
fluctuatione. Lower rivar stages mr ctributary
mouths may restrict upstream tributary migra-
tions. Garrieon Ketional Fish Earchery will
be modified to remaln operational.

Decreased abundance in aquatic jnsects dur to
river stage snd current veloelty fluctuacions
for approx 30 mi downatream from Carelson dém
with the most mignificant decr. in the
uppar S-mila reach.

Temporary turbidity increase due to eromional
one-tiwe Lack slope adjustasct. This turbidicy
may be lesa than one Year in duration.

Not Applicsble

Not Significant
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Heatth and Safery

Urmamhity Well Being

Cummunity (ohesiun

Bes it Lo Conmuna ty
I.rowth

ke reation Oppor-
tunities

Aesther o Values

Hsee Par. 16l
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TABLE D-10 SYSTEM OF ACCOUNTS"
ADDITIONAL HYDRO-POWER AT GARRISON DAM

SOCIAL WELL-BEING

hon-Federal Alternative

Turhine-Generators Added at 3 Flood Control Tunnels

areas.

Pian o &/ Plan &
coding 1/ Combustion Turhine With Yeregularion _

I,h4 flperation emits gaseous and No degradation of sir or water
particulare matrer within air quality.
quality standards Effeces of
nitrogen diexide, a mafor by
product, unknown

4,09 Ne. 7 distillate fuel a1] Oparations do not consme water
competes with other uses; or otheT TesvuICtes.

1.e., home heating.

26,9 Fossible noxious odors and Fo increase of odor or noise
noise in arei in arex

2R, Fusl nil prices subject o frices dependunt on national
Fi ign influence. WAtEY TFesourte MATigement

policies.

6,9 Natiowal goal of enurgy self- National goal of energy self-
sufriciency not served by wufficiency enhanced.
exfratuled une of doported fuel.

16,9 Cunstruction Jikely tu ocenr Supplemental skilled and common
in motropulitan areas whern Jubor reguited beyond commuting
sufficrent iabor 15 available. area. (onstruction workers and

famifies may place some stress
on local commenity services and
facilitics,

1,6,9 Additional requirements plared Mo significant effect,
an transportation system to
move Fuel to plant site

1,54 Site regquires B0 adres, Land acguired 2305 acres for

rereg pooi amd 270 acres for
wrldbife mitigation, will be
unavailabie for any other
s

1,6,4 Smoil percentage increase in Rural retail apd service agti-
metrapolitan avea evoncmy witiesx sfamulated by construc
and resultant demand for vion, Heed 5 mew or refurbished
COMMUNITY seTvices, housing units for permanent

persoanet and families. TIrofit-
ability of local businesses and
efficiency of community Services
and facilities enhanced.

2,6,9 Plant sire removed from anv Drasvic daily flucrvations im pool
possible recreation use, clevation and river stage will

greatly reduce recreatiom oppor-
turities in the 10 miles of rereg
pool area.

2,6,% Little impact on industrial Kersg struvture and pool Teplace

1 riverine enviromment with an
arrificial strucrture where large
sand hars are crested daily.

Pian ¢ &
Without Reregulat ion

Same as Plon B

Same as Plan B

Kame as Plan B

Same as Pian 8
Same as Plan §

same as P'lan 3

Same as Plan B

Approx 285 acres acquired Fur wildlife
mitigation unavailakle for any other
nses

Same as Fian B

trastic daily fluctuations in sfage greatly
reduge recreation opportunities smmedi ¥
below dam, decireasing to regligible effecr
30 miles downstream.

Daily occurring low flows create sandhavs
below dam, decreasing to negligible effect
30 milex dowpstream



TABLE D-11 SYSTEM OF ACCOUNTS
ADDITIONAL HYDRO-POWER AT GARRISON DAM

—

Net Beneflts
Power Marketing
Reat of Nation

Total

Study Area Employment
Peak Construction

Operation and Maint.

Propetty Values
Property Tax Revenues

Income Loas

1/ See Para. 161
2/ EQ Oriented

3/ NED Plan

REGIONAL DEVELOPMENT

ion-Federal Alternative Turbine—céneratnrs Added at 3 Flood-Control Tunnelsl

Plan A =~

2/

Plan D

Plan C =

3/

$74,000 income lost
per year from agri-

culrural land use.

Coding = Combus tion Turbine With Reregulation Without Reregulation
1,6,% $3,534,000 $4,79),000
1,6,9 0 0

$3,%34,000 84,791,000
1,5,9 50 380 290
2,5,9 10 5 5
1,6,9 Value of land and improve- Value of housing tempo- Same as ¥lan B
ments not affected in rarily inflated in nearby
mettopolitan area. communities.
1,5,9 Tax yield from $i1,000 lost par year in Approximately $1,200
powerplant: $530,000 taxes on agricultural lost per year in taxes
land, on agriculteral land.
1,5,9

Approximately $8,000

income lost per year

from agricultural

land use,
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182, Although local interests have been informed of the coordi-
nation they must undertake with other Federal agencies or with pri-
vate consulting firms to determine such items as soil suitability
for irrigation, distribution and treatment costs, the time avail-
able to them prior to completion of this report has proven to be
insufficient., Fortunately, addition or deletion of water supply

has virtually no effect on the physical configuration of the Gregory
project. As a result, this report anmalyzes the single purpose

power project, acknowledges the interest in adding another purpose,
and defers detailed design and economic analysis of such firm pro-

posals as may evolve to the Phase I Desipgn Memorandum.

133, Hationsl Econowmic Development: {Displayed in Table D-12)

# A pumped-storage hydro-plant {Plan B) shows net benefits
of $17,435,000 a vear over the non-Federal alternative (Plan A)
consisting of 1,180 mepgawatts of oil-fired combustion turbine gener-
ation,

® When generating 1,000 hours per year, Plan B has a benefit

to cost ratie of 1.5 to 1,

184, Eavirommental Quality: (Displayed in Table P-13)

- ® Although Plan A is designated as the EQ Oriented NED plan,
it shows dublous environmental advantage over Plan B, for which
only two substantive environmental impacts have been suggested,
both of which are highly speculative.

® It has been suggested that power plant discharges, enter-
ing Lake Francis Case may create turbidity, particularly if they
should re-suspend the fine cclloidal sediment deposited by the
White River which joins the Missouri some 43 miles upstream. De-
finitive analysis of this possibility must await sophisticated
modeling studies during Phase I design.

® It has been suggested that unless fish screens are installed,
unacceptable mortality to fry will occur, This poesibility, too,

must await evaluation in Phase I design.
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185. Social Well-Being: (Displayed in Table D-14)

® Both alternatives help to meet regional power needs.

® The effects of Plan A are diffused among a number of load
centers, since 1,180 megawatts of combustion-turbine generation
could not efficiently be located at one site.

® Plan B requires the conversion of about two sections
of land from agricultural production to forebay storage with accom-
panying relocation of seven farm families.

® Construction employment under Plan B will cover a four year
period. The peak is expected to exceed 1,000 people, placing a
significant demand for housing and community services on a region
where no communities lie within a ten-mile radius of the project,
six communities ranging in size from 100 to 1,800 are within
twenty miles and three additional communities between 100 and 1,000
in size are located within thirty miles,

® Addition of 50 permanent jobs will make a significant con-
tribution to community cohesion and help to reduce the social costs

of population dispersion.

186. Reglonal Development: (Displayed in Table D-15)

® Impacts are similar in nature to those at Fort Peck as dis-
cussed in paragraph 171. However, they will be substantially greater
because of the much larger expenditures involved.

® Of particular regional significance is the utilization of

unemployed resources, estimated at $350,000.

187. Selection: Construction at river mile 918 of the Gregory
County pumped-storage hydroelectric peaking plant consisting of
three units with total installed capacity of 1,180 megawatts (Plan
B) was chosen on the basis of the following criteria of primary
significance,

® It offers a more cost effective response to the region's
need for added peaking capacity than does Plan A,

® It has the most wide-spread acceptability of the three
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"J

hydro-plants selected. T
® Expressed environment concerns are few and even they are

uncertain to occur.

Recreation, Fish and Wildlife

188. Alternatives retained for final consideration address three
areas of opportunity: selection of ways to restore trophy fishing
at Lakes Oahe and Francis Case, facilitating recreational access
and use of all open river reaches, and consideration of Mational
Wild and Scenic River designation of the Gavins Point-Ponca State

Park reach.

TROPUHY FISHILG

189. Two alternatives remain to meet the objective of restoring

the northern pike fishery resource at Lakes OUahe and Francis Case.
Both plans consist of two separate actions. The first action,
comnon to both alternatives, is the establishment of semi-aquatic
vegetation on 200 acres of denuded lakeshore at each of 12 sites,
seven sites at Oahe and five sites at Francis Case would be seeded
and sprigged by conventional farming methods during annual low water
and subsequently flooded by rising reservoir pool levels in the

spring to establish a forage base for fish species,

190. The second part of both plans will result in the production
and release of approximately five million fingerling northern pike
annually, Plan A consists of constructing 12 9-acre rearing ponds
adjacent to the lakes -~ seven at Lake Bahe, five at lLake Francis
Case. To establish and maintain a viable northern pike fishery it
will be necessary to stock the lakes annually. LCgg collection will
begin during larch through April and fertilized eggs placed in egy
jars in mobile hatchery trailers. Pike fry will be transferred
from the trailers into the rearing ponds and the firgerlings will
then be transmitted into the lakes through corrugated metal pipe.
Plan 8 collection and production operations are similar except that
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TABLE D-12 SYSTEM OF ACCOUNTS
PUMPED STORAGE HYDRO-POWER—GREGORY COUNTY
NATIONAL ECONOMIC DEVELOPMENT

Non-Federal

Alternative
Plan A% Plans 3/
Combustion 3 Pump-Turbine
Coding — Turbine Generator~Motors
BENEFICIAL IMPACTS IN $1,000
Power 1,6,9 51,029 51,029
Area Redevelcpment 1,5,9 0 350
TOTAL BENEFICIAL IMPACTS 51,029 51,379
ADVERSE IMPACTS IN $1,000
Investment Cost 1,6,9 274,553
Interest and
Amortization 1,6,9 18,337
Operation,
Maintenance and
Replacement (OM&R) 1,5,9 1,027
Pumping Cost 1,6,9 14,580
TOTAL ADVERSE IMPACTS 51,029 33,944
NED PERFORMANCE
Net NED Benefits 0 17,435,000
Benefit/Cost Ratio 1.0 1.5

1/ See Par. 161
2/ EQ Oriented Plan
3/ NED Plan
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Blologleal Parameters

Hahltat
Aquat ir

Terrestrial

Biota
Hamrial s

Birds

#lxh

Insegt

Poilutioe Parametar;

Water

Alr
No1sw

1/ see Pavr. 1s)
2/ EQ Orfented ilan
3/ WFD Pian

TABLE D-13 SYSTEM OF ACCOUNTS
PUMPED STORAGE HYDRO-POWER—-GREGORY COUNTY

Cod lay

ENVIRONMENTAL QUALITY

¥on-Federal Alrernacive

Plan A #

Cumbustion Turbine

Flan B-?f

4 Fump-Turbine Genurator-Motors

26,9

2.6,9

2.6,9

2,6,9

Not Applicable

Destruction ol 20-40 actes af
terrentrial habitar at constructicu
sita., Vegetation will be degraded
within the area adjacent tao che
plant site. 47

Conetruct lon and operarions will Te-
Bult in the loss of some smwall
mammals from the plant site and
adjacent arcas &f

Degraded ajr quality, noise and
constructlon wil] repel some bird

apecies frowm the plant area amd
ad jacent arean, Landscaplng way
altract uome species such as robins, ete

Mot Applicabie

Minor negative ¢tlect oo Insect habiea
and popularions 47

No measurable effuct on water quality,
barring o1l spills or leakage

Increased quantiries of 80, Ktly, Cig,c0,
2nd partirulate marter. Expected Lo
stay within EPA timirs,

Increased noise pollutlon, expected
to stay within EPA limics.

4/ Impact wil] occur with initiacion of construction
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This project could pruvide irrigation and drinking
water for some ltocal areas. Degradation of the
Aquatic hablear might sccur locally as a vesult
of Increased rorbidity due to arcificlal tur—
bulence. The White River delta, currently
lacared 20 mijes upstresm, could cause future
protlems 1 i moved into the Project area with-
out undergoing any comsglidation. Thia could
result in lncreases in 1ron, manganese and
turbidlty in the water column. Aquatic vege—
tation may be degraded due to this 1ncreased
turbddity. Partial loss of a natural embay-
ment on lLake Francis Case will result due to
pumping and discharges facillties,

Approximacely 1550 sc¢res of terrescrial habirat
of which nearly [00Z is agricultural lamd, will
be destroyed due to construction and subsaquent
inundarion. Constructivn and the comstrucrion
townsite wili temporarily degrade some terres-
trial vegetatiou.

These specles “eeupying the IS550 acrea of
destroyed habitat will be eliminated or
displaced.

Those species occupying cthe 1550 acres of
desteoyed habitat will be displaced.

Small amount of murrAajlty due to curbine opera-
tlous or gi1ding 11 screens are inutalled.

Puring operatiens, spavning mipraricne of strean
seeklng Flghes mav he diverted. Duye to Increaged
turhidity in the avea of e pwaped Atorage
uult, tlah habitat wlil he degraded or
vliminated,

becreased benthos quantity and diversity due to
artificial turbulence, rurbidity and disruption
of botton sedimeaty. Terrestrial insects ocoupy-
ing the 155 acres of destroved habitat will be
eliminaced.

Some pollnution wil! wvoour due to the congtruction
rownsite Waler quality will be degraded due to
increased turbidity and pussibly increased iron,
TANRANERe Concentrarions,

Not Applicable.

Mot significant



TABLE D-14 SYSTEM OF ACCOUNTS
PUMPED STORAGE HYDRO-POWER—GREGORY COUNTY

SOCIAL WELL-BEING

Non-Federal Alternative

Plan A i

! Combustion Turbine

Plan B o
3 Pump-Turbine Generator-Motora

_Coding =
Health and 2,6,9
Safery
Community 2,6,9
Wall-Being
2,6,%
2,6,9%
1,6,9
Community 1,6,9
{ohesion
1,6,9
1,5,9
Desirab.e 1,6,9
Commusnity
Growth
Aesthetic 2,6,9
Valuea

1/ See Par. 161
2/ EQ Oriented Plan

3/ NED Plan

Operation emits geseous and particulate nmatter

within alr quality standarde. Effects of nitro-

gen dioxide, a major byproduct, unknown,

No. 2 dietillate fuel oll comperea with other
uses, {.&. home heating.
Pogsfble noxious cdors and noise in area.

Fuei o1l prices subject to fareign influence.
National goal of energy wvelf-aufficiency nat
aerved by expanded use of fmported fuel.

Conatruction likely to occur in wetropolitan

areas where sufficlent labor ia available.

Additfonal requirements placed on trans-
portation system to move fual to plant atte.

Site requires 100+ scres.

Little impac on metropolitan ares econcay

or community services,

Litele impsct in industrial areas.

No degradation of ailr or water quality.

Operations do not consumeé water or cther resources.

No increase of odor or nolee in area.
Prices dependent on national water resource manage-
wment policies.

Hational goal of energy eelf-sufficiency enhsanced.

Supplemental skilled and cowmon labor reguired be-
yond local commuting area. Need local community
facliicies, mervices, and 400 additional housing
units for construction werkers and families.

Road network will be upgraded for heavier loads and
traffic during construction.

Headquarcers of 7 farma and ranches digplaced and

1550 acres removed from agricultural productien.

Rural recail and service activities greatly ex-

panded by conetruction. Nead 50 new or refurbished
nousing units for permanenz persomnel and families.
Pra!‘ltihility of local businesaes and efficiency of

cowmunity services and facilitles enhanced.

Displaces crop aud raogeland with marmade seeded em-
bankment 5 to § miles long, 25 to 65 feet high. In-
terlor riprapped with atone to level of dead atorage

pocl eliminating mud flata.
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TABLE D-15 SYSTEM OF ACCOUNTS
PUMPED STORAGE HYDRO-POW ER—GREGORY COUNTY

Het Benefits
Puwer Marketing Reylon
Rest of Bation

Tatal

Study Area Fmploymenr
ek Construction

Operation & Maint,

Property Values

Propercy Tax Revenues

Income loss

1/ See Par. 181
2/ EQ Oriepted Plan

3/ NED Plan

Appendix 1
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REGIONAL DEVELOPMENT

Non-Federal Alternative

Plan & 2/
[Loding 1/ Combustien Turbine

1,5,9 200

2,5,9 40

1,6,9 Value of land Improvements not affect-
ed In metropolitan area.

i,5,9 Tax revenue from Powerplant:
$2,301,000

1,5,9

Plan B o

3 Pump-Turbine Cenerator-Motors

17,435,000

4]

$y Qi 00—
I 7,35, 000

1,080

50

Value of housing temporarily inflated ip

surrounding cosmunitles

Property tax revenue lost annually:
Agricultural Lands - $4,000

Improvements - 4, 300
$8, 300

Propercy rax gain from

new resldenrial - §20,000
Net Gain - $11,700

$78,000 lost per year from agricultural

land use




northern pike fry would be reared in facilities obtained by expand-
ing an existing fish hatchery. The hatchery facility plan contains
324 one~third acre ponds with the same water surface area as the
rearing ponds. The fingerlings would be transported from the
hatchery to the areas of enhanced forage base and released into

the lakes. The following paragraphs summarize the effects displayed

in the System of Accounts Tables.

191, National Economic Development: (Displayed in Table D-16)
Both Rearing Ponds and the Fish Hatchery achieve net positive bene-
fits. The gross benefits for both plans are identical since the
design output and aquatic habitat improvement are equivalent,

Plan A has net benefits of $716,700 and a benefit~cost ratio of
3.0; Plan B shows net benefits of $347,300 and a benefit-cost ratio
of 1.5, The substantially hiéher cost of Plan B results from the
extensive plumbing for water supply and treatment, additional
levees in conjunction with the 324 ponds, construction of catching
basins, and the cost of transporting the fingerling pike from the

hatchery to the release sites.

192, Environmental Quality: (Displayed in Table D-17)

Plan A, EQ plan, has net positive contributions to the environmental
quality account and has no major adverse effects on the environment.
Approximately 2,400 acres of denuded shoreline will be vegetated
resulting in a much improved habitat and reduced erosion in both

the inundated and exposed condition. Much of the 140 acres of
terrestrial habitat to be destroyed by the rearing ponds supports
little vegetation. Seeding the rearing ponds when they are not in
ugse will result in a habitat enhancement. Construction of the
pipeline and access roads will have minimal effect. The environ-
mental effects of Plan B are essentially the same except the
hatchery facilities wil) displace 150 acres of crop and recreation
land rather than land of lesser habitat quality.
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193. Social Well-Being: (Displayed in Table D-18)

The fishery output, resultant visitation, and social well-being
effects of both plans are essentially identical. The significant
positive effects include strengthening and broadening the adjacent
communities' economic base, improving recreation opportunities, en-
hancing the aesthetics of the shoreline and aiding in reducing
community decline and outmi:ration. Probable adverse effects in-
clude increased noise during construction and some decline in public

safety as a result of increased visitation for both plans.

194, Regional Development: (Displayed in Table D-19)

Plan A will provide considerably more net regional benefits than

Plan E. Induced project construction empioyment and vigsitor ex-
penditures estimated at nearly $1.3 million, will be essentially

the same for both pians. Plan B will require 150 acres of private
land which will result in a $750 tax loss on agricultural land.

Por beth plans, however, increased sales will result in an additional

$86,000 annually in regional sales and gas tax revenues,

195. Selection: BRestoration of a northern pike fishery at Lakes
Oahe and Francis Case by construction of 12 nine-acre rearing ponds
and enhancement of 2,400 acres of shoreline and littoral zome
(Plan A) was selected on the basis of the following criteria of
primary significance.

Plan A maximizes net benefits and is twice as efficlent as
Plan B.

Plan A maximizes EQ benefits, Plan B will displace 150 acres
of crop or residential land with the hatchery facility while Plan A
will convert 140 acres of less valuable terrestrial habitat to rear-

ing ponds and to seeded habitat when the ponds are not in use,

RECREATICONAL DEVELOPMENT — MISSOURI RIVER
196. Paragraph C-164 reported that current Statewide Comprehensive
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TABLE D-16 SYSTEM OF ACCOUNTS
RESTORATION OF TROPHY FISHING

HATIONAL ECONOMIC DUVELOPMENT

Beneficial

Increased Income

Adverse

Investment Cost

Annual Costs

Interest and
Amortization

Operation and
Maintenance and

Replacement
Total
Net Performance
Net Benefits

Benefit/Cost
Ratio

T

See Par, 161
NED, EQ Plan
Code 10

M |
—~—

|

jw
o

Goding 1
2,6,9
1,6,9
2,6,9

2,6,9

Plan A Z/

Rearing Ponds

$1,080,000

4,270,100

285,200

78,100

$ 363,300

5 716,700

3.0

Plan B =
Fish Hatche

$1,080,000

10,081,700

673,400

3/

ry

59,300

$ 732,700

$ 347,300

1.5
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TABLE D-17 SYSTEM OF ACCOUNTS
RESTORATION OF TROPHY FISHING

ENVIRONMENTAL QUALITY

BIOCLOGICAL I'ARAMETERS

Habitat
Aquatic 1,6,9
Terrestrial 1,6,9
Biota
Hammals 1,6,9
Birds 1,5,9
Fish 1,6,9
Insects 1,6,9
POLLUTION PARAMETERS
Water 1,6,9
Adr 1,6,9
Nolae 1,6,9
MAN~MADE RESOURCES 1,6,9

1/ See Par. 161
2/ NED, BG Plan
/ Code 10

" Appendix 1
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Approximacely 2,400 acrea of
denuded tertestrial area will
h# seeded of which a congilder~
alle portion will be inundated
dinving the summer months. This
#eeded ares will represent
markedly improved habitst in
alther the exponed or inundated
condltion,

One hwundred forty acrzg of Ler-
restrial habitat, currestly in
pubiic ownership, will be con-
verted by the c¢comstruction and
operation of 12 on-site rear-
ing ponds. Access road con—
stroction of approximately
2-1/2 acres will take place In
the ares of exieting tratl,

and will have a minimal effect
an existing habitar. Increased
visitation will result in aong
habitat degradation In these
areas, Seeded areas which do
not become inundated will re-
sult in habitat conditions
superfor to those existing in
the denuded area.

Small mammals cccupylng the 140
acres of destroyed habitat wiil
be displaced,

Those specles occupying the 140
acres of destroyed habitar wili
be diaplaced.

Increased numbers of prey fish
apecies in the areas of habitat
improvement. Approximately 5
million northern pilke finger—
lings stocked annually (3 mil-
lion in Lake Nahe, 2 wiilion
in Lake Francla Case). Fiash
species exiating in the habi-
tat improvement area may show
population Increases due to
the ilmproved forape base.

Increased numbers of insecta
and other invertebrates will
oceupy the areas of habicat
improvement.

No significant detrimencal
effecta. Cactle fencing and
vegetation will stabilize
shoreline areas resulting in
ercalon abatement and per-
haps alight or localized in-
creases In water quallty due
to lowered turbidity and mere
stabllized conditionu.

No significant effect,

Some noise increase durlng
construction pitase.

Lakes Oghe and Francis Case
rescored as regionally and
nationally importacr aut-
door reecreation fishery
Tesources,

I
Plan & kL

Fish Hatchery

Sama as Plan A.

"me hundred Eifty acres of ter-
restrial habicat currently in
erop or recreation use will be
converted to 324 one-third acre
ponds and ievees. No ad-
ditional road construction will
be necessary.

Small mammals aceupying the 150
acres of destroyed habitat will
be displaced,

Same as Plan A - 150 acres

Same as Plan A except higher risk
of fingerling mortality during
transportation to release sites,

Same as Plan A.

Same as Plan A,

Same ae Plan A,

Same as Plan .

Same as Plan A.



TALLE D-18 SYSTEM OF ACCOUNTS
RESTORATION OF TROPHY FISHING

-

Recreational Oppor-
tunities

Community Growth

Educationel Oppor-
tunities

Community Coheslon

Aeathetic Value

Population

Noise

Health

1/ See Par, 161
Z/ WNED, EQ Plan
3/ Code 10

Codling L

SOCIAL WELL~-BEING

Flan A 2/
Rearing Ponds

Plan B &/ . |

Fish Hatchery

1,6,9

1,6,9

1,6,9

Establisli and maintaln a viable
trophy northern pike Eilshery in
Lakes Uahe and Francls Case and
stimulate use of related recre=-
ation resources within local and
regional boundaries.

Development of services, facili-
ties, and related empleyment
opportunities in surrounding
communities to serve visitors
attracted from beyond the com-
muting repion.

Provide 4-3 weeks experience and
employment in fishery develop-
ment and operation for 5 gradu-
ate students,

Construction at 12 sites will
provide employment opportunity
for equipment operators and
laborers and also diversify
the economic base of the
repion.

Visual appearance enhanced as
vegetation replaces 2,40{) acres
of denuded shoreline. Ponding
areas, currently denuded of
vegetation, converted to pool
and seeded when not in use.

Economic opportunity will at-
tract entrepreneursd to serve
increased commuter and trans-
ient tourist trade and reduce
regional ocutmigration.

Minor increase in noise at 12
sites during construction of
pilpeline, access roads, and
paved levee., Alrcraft used
for littoral zone seeding will
inerease nolse for a few days
ovar a S-year periocd.

Increased visitation will in-
duce crowding, pollution,
crime, and fire hazard.

Same as Plan A.

Same as Plan A.

Lit¢le or no education oppor-
tunities since operation will

be conducted by full time
hatchery employees,

Same as Plan A except conatruc-
tion will be limited to a single
location and employment oppor=
tunity available for additional
persona.

Same as Plan A except crop and/
or recreation land converted to
fiah hatchery.

Same as Plan A,

Moderate increasea in noilse con-
centrated at one site over con-
struccion period. Alrcraft seed-
ing for a few days over S-year
period will lncrease noise,

Sama as Plan A.
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TABLE D-19 SYSTEM OF ACCOUNTS
RESTORATION OF TROPHY FISHING

REGIOHAL DEVELOPHENT

Plan A-g/ Plan B'éj

Coding 1 Rearing Ponds Fish Hatchery

Het Denefits

Region (100-14i, 2,5,7,9 $930,600 $852,400
radius}

Rest of Nation 2,5,7,9 -213,900 -503,100

Total $716,700 $347,300

Increased Employment

Project
Construction 1,5,7,9 30 70
{man-years)
Operation and 2,5,7,9 <1 <1
Haintenance
(man/year)
Seasonal Service 2,5,9 300 300
{number)
Value of Increased 2,5,9 $1,290,000 in- Same as Plan A
Income creased sales
Taxes 2,5,9 $37,000 in-  $750/yr tax

creased sales loss on acquired
tax land. Otherwise

2,5,9 $49,000 in~- same as Plan A.
creased gas
tax
2,5,9 586,000 Total
tax

1/ See Par., 161

—

/ NED, LQ Plan

3/ Code 10
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Outdoor Recreation Plans document the desirability of more public
access to the river in response to unmet demands for boating, fish-
ing and hunting (with camera, gun or bird and animal identification
guldes). One method by which the States could accomplish this de-~
velopment would be through authoritv and funds provided by the

Land and Water Conservation Fund Act of 1965 - PL 88-578. Such
unilateral activity on the part of individual states is tantamount
to opting in this report for no new Federal action. PL 89~72, how-
ever, requires that consideration be given to opportunities for
outdoor recreation during the planning for water resource projects
and that non-Federal bodies be given the opportunity to cost share
recreation development with the Federal Government on a 50-50 basis.
Accordingly, this report treats recreational development as an equal
partner with other developmental activity in the study area to the |
extent that interest in non-Federal sponsorship is evident. Imn the
plan description, then, and in the discussion of non-Federal re-
sponsibilities recreational development is treated as an opportunity
available throughout the bank stabilization works.

DESIGNATION UNDER PL 90-542
197. The Wild and Scenic Rivera Act (PL 90-542) identifies the
U, S. Departments of the Interior and Agriculture as the Federal

agencies to study rivers for their eligibility and proposed classi-
fication under this Act, The secretaries of the two departments

have delegated the responsibilities for such studies to the BOR and
the Forest Service, respectively. BOR has provided assistance in

the present study of the Gavins Point Dam to Ponca State Park reach
of the river. Ineclusion of National Wild, Scenic and Recreational
River findings and recommendations in this report, then, is based on
the BOR's involvement and the several Congressional actions directing
Corps' atudies of the Missouri River., Any recommendation for desig-
nation under the Wild and Scenic Rivers Act is dependent upon the
finding of outatandingly remarkable natural and cultural values
worthy of preaservation under the terms of the Act., These valuea have
been found to be present, and the river is recommended for designation
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and management under the Recreation River classification. This course

of action constitutes Plan A,

198. The alternative to designation under the Wild and Scenic Rivers
Act 18 river access in conjunction with bank stabilization under the
authority of PL 89-72 (Plan B). This is the procedure followed in the
remaining river reaches as described in paragraph D-196. It provides
access and service rcads, boat launching, sanitary, and related recre-
ational facilities that would accommodate an anticipated increase of
nearly six percent in the one million annual visitors estimated to be
currently using the river reach. Present usage centers around the de-
yeioped downstream recreation areas at Gavins Point Dam; Ponca State
Park, Nebraska; Clay County recreation area just outside of Vermillion,
South Dakota; several county access points on the Nebraska and South
Dakota sides of the river; and two wildlife management areas on the
South Dakota side of the river. Initial development cost of the river
access points is estimated at $346,000,

199. Designation of the river reach under the Wild and Scenic Rivers
Act permits preservation of specific river features that are recog-
nized as having outstandingly remarkable natural values, These in-
clude the river setting at Goat Island including the entrance of the
James River and Missouri chutes paralleling Goat Island; the general
high bank shoreline forest dominated by cottonwood trees;'clusters
of sand bars; and the Nebraska wooded bluffs, particularly at river
miles 763, 776, and 787, 1In addition, preservation of the sand bar
clusters in the river between Gavins Point Dam and Ponca State Park
perﬁita their continued nesting use by the Interior Least Tern, a
rare shorebird that is being studied for incluaion on the Endangered
Specles list, and use as z most significant spring migration stag-
ing area for waterfowl. The "between-high bank" physiographic
features of the river, which include deep holes, shallows, near
quiet water chutes, fast river current, stable river bottom and

shifting sand bottom, may be the last remaining production area

Ap ix 1
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for the paddlefish in the Missourl River below Gavins Point Dam.
Finally, preservation of the present river setting permits contem-—
porary and future Americans to see the river much as it has been

throughout ita significant history.

200. To accomplish the needed preservation, about 14,500 acres of
scenic and recreational easement are required at an approximate

cost of $1.4 million. Selected "soft" structures are aimed at pres-
ervation of elements such as islands within the high banks, at an
approximate cost of $1.5 million. Only those types of structures
shown by evaluation under Section 32 to be compatible with Wild and
Scenic River designation are to be incorporated. In the absence of
such designation, no protection riverward of the high banks will
take place, resulting in ultimate loss of the aesthetic values in

dquestion.

201, Development to accommodate public use of this reach of the
river includes acquisition of about 424 acres of land in fee and
construction of sanitary, river access and camping facilities, 1In
addition, existing river access facilities operated by State and
local government would be upgraded as necessary to permit all weather
use, Recreation development coste would amount to about $3.4 million
and would initially support 500,000 more visitors per year, with an
ultimate increase to 750,000, This increase for Plan A as compared
to Plan B is attributed by BOR to regional and national recognition
stemming from Wild and Scenic River designation. A comparison of
Plan A and Plan B is made in the System of Account tables as sum-
marized in the following paragraphs,

202, National Economic Development: (Displayed in Table D-20)
Plan A provides for an average annual increase of 677,500 visitor
days consisting of general recreation activities, and specialized
high value recréation activities of hunting, fishing, and canoeing.
The NED value of these activities is estimated at over $3.3 million
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pér yesr providing net NED benefits of $2,645,200 with a benefit-cost
ratio of 5.0. The alternative of providing access points, Plan B,
will accommodate 41,000 initial and 61,000 ultimate visitor days
with an annual value of nearly $108,000, with net NED benefits of
$69,200 and a resultant benefit—cost ratio of 2.8.

203, Eovironmental Quality: (Displayed in Table D-21)

The maintenance of existing environmental quality is one of the major
purposes of Plan A. The major physiographic elements preserved are
the two largest islands, natural high-bank vegetation as seen from
the river, lands presently used for plow agriculture, and some marshy
accretion lands. Preservation of these elements will significantly
affect the future potential of terrestrial wildlife populations,
especially the larger mammals, such as deer, and some songbirds,
Aesthetic and cultural resources are retained for public use under
this plan. Under Plan B gradual continuing loss of the high bank
natural vegetation in favor of farming is anticipated, along with
increasing uncontrolled use of riparian lands for cottage and trailer
sites. The largeé’ islands will ultimately be lost. High bank wild-
life population will be significantly and adversely affected and
existing envirommental quality will be reduced.

204. Social Well-Being: (Displayed in Table D-22)

Plan A provides significant impacts in the local area as the overall
quality of life is' enhanced by preservation and development of recre-
ation resources. The influx of recreation visitors will médify the
local social structure by introducing a new industry into the area,
based upon seasonal recreation visitation. Plan B will provide basic
accessibility to recreation resources and benefit primarily the local
populace as recreation activities are made more avallable, Increased
vigitation is estimated to reach less than one-tenth of that expected
with Plan A.
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TABLE D-20 SYSTEM OF ACCOUNTS
MISSOURI RIVER RECREATION DEVELOPMENT
GAVINS POINT DAM TO PONCA, NE

NATIONAL ECONCMIC DEVELOPMENT

2/ Plan B-zl
Plan A - Federal Water
Wild and Scenic Project
1/ Rivers Act Recreation Act
Coding ~ PL 90-542 PL 89-72
Beneficial
Increased Income 2,6,10 $3,306,000 $107,600
Adverse
Investment Cost 1,6,10 7.412,000 346,000
Annual Cost
Interest and Amorti-- 2,6,10 495,000 23,100
zation
Operation and Mainte~ 2,6,10 165,800 15,300
nance and Replacement
Total $ 660,800 $ 38,400
Net Performance
Net Benefits $2,645,200 $ 69,200
Benefit/Cost Ratio 5.0 2,8
1/ See Par. 161
2/ NED, EQ Plan
3/ Coding: "9" replaces "10" for all Plan B effects.
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TABLE D-21 SYSTEM OF ACCOUNTS
MISSOURI RIVER RECREATION DEVELOPMENT
GAVINS POINT DAM TO PONCA, NE

ENVIRONMENTAL QUALITY

LEIOLOGTCAL PARAMETERS
labitat

Aquatic

Terrestrial

Piota

Mammals

Birds

Fish

Insects

POLLUTION PARAMETERS
Water
Ale

Noise

1/ See Par, 161
/ NED; EQ Plan

Appendix 1
D=9

Ceding 1

/

Plan i 2
Wild and Scenic Mivers Act
Y1, 90-542

L,5,10

1,6,10

1,6,10

1,5,10

1,5,10

1,6,10

1,6,10
1,6,10
1,5,10

/ Coding: 9" replaces "10" for

llighly variable and reasonably
stable aquatlc hablrat will be
maintained, Bank stabilization
structures will be planned for
greatest possible wsc by
aquatic life.

Yreservation ot anatural values
through recreation ¢asement on
12,800 acres of land, scenic
easement on 1,700 acres, and
Tee acquisition of 420 acres,
Preservation of existing high
bank and bluffland vepetation,
and the changlnp (dynawmic)
character oi lowland and sand
bar vepetation will contribute
to lenp—Lerm well-being of the
otiler terrestriail Lifeforms.

High bank habirvat will be pre-
served, benefiting the larger
manmals, especlally deer.
Changing lowlands will provide
habitat diversity.

Ratle of lamd and water loving
hivds will remain generally
the same, cxcept for those
lost throuph of f-project de~
velopment, lIocreased human
activiety on the project may
reduce nesting avtivity of
ghorebirds and waterfowl,
Waterfowl hunting intensity
will be increased to some
extent.

Diversicy of submerged lands
will be retained, Heduction
af high bank erosion will
ulitimately reduce the cumber
of snags = an important cover
for fish, especially larpe
catfish,

Humbers of terrescrial In-
sects will be preserved,

uo significant effect.
No significant effect.

Nolge from irrigation pumps
and other riparian sources
will be controlled to some
extent through easement
conditions.

all Plan Ul effects,

3/

Plan B =~
Vaderal WaLer Project
Hecreation Act PL 89-72

Varlable and reasonably stable
aquatic habitat will continue
to existL. Less emphasis on
wildlife and aquatic habitat
needs when desiyning hank
slabilization structures.

High bank habitat will be
greatly reduced over time
tirough subdivision and agri-
cultural Lmprovements.

The latger mammals will be greatly
reduced through development and
high bank vegetation ioss.

Inctease in low sand bars will
benefit waterfoul and shorebirds.
Reduced high bank vepetatien will
decrease sonpgbird and gamebird
habitac,

Diversity of submerged lands will
be retained. Reduction of high
bank ercsion will uleimacely re-
duce the number of snags.

Numbers of terrestrial insects
will be reduced through habitat
loss and agricultural develop-—
ment, Usable habitat for
aquatic insects will probably
not be significantly changed.

Mo significant effect,
Ho significant effect.

Nolse factors from riparian sources
will net be controlled,



""ABLE D-22 SYSTEM OF ACCOUNTS
MISSOURI RIVER RECREATION DEVELOPMENT
GAVINS POINT DAM TO PONCA, NE

Coding L

SOCIAL WELL-BEING

Plan A 2/

Wild and Scenic Rivers Act
PL 90=342

Plan B el

Federal Water Project
Recreation Act PL 89-72

Health and Safety 1,6,10

Community Well-Being 1,6,10

Community Coheslon i,5,10

Recreatlon Opportuni- 1,6,10
tiea

Aeathetlc Values 1,5,10

Public Fagcilities 2,6,10

Public Services 2,5,10

Desirakle Community 2,5,10
Growth

1/ Sea Par, l61
2/ NEL EQ Plan

Marking main channel will reduce
boating hazard, Provision for
safe access to river recreation
and scenic areas.

Overall quality of life in the
project zone of influence will
be enhanced through preser—
vation and availability of re=-
scurces of public value,

Minimal disruption of riparian
life style and Improved person-
al security due to protection
afforded by the project.

Public recreation cpportunity
will be enhanced through
preservation of vegetation,
wildlife, and natural values
and addition of public accesa
to river resources, including
islands through acquiaition
and easement, A comprehensive
recreation resources manage-
ment and applied recreation
managenent will protect and
preserve potential and en-
able maximum feasible levels
of use,

Increased aesthetic value
through preservation of river-
side vegetation, current land
use patterns, vistas, and
wildlife habitat,

Addition of public access and
recreation facliities.

Increase 1in public services to
accommodate initial recreation
visltation of 500,000, Ad-
ditional recreation services
through ranger and maintenance
activities.

Preservation of land and water
resources, improved quality of
life within zome of Influence,
and increased leisure oppor-~
tunity, make the region a more
desirable place to live and
work.

3/ Coding: "9 replaces "10" for all Plan b effects,

5afe access to river and scenic
areap by providing boat ramps
and parking areas.

Enhancement by provision for
local recreation activities.

Minimal disruption of community
cohegion.

Biver access for local populace,

Continued aesthetic degradation
within high banks, loss of islands
and aeathetic viatas,

Linited number of recreation sup=-
port facilities,

Small inecrease in public services

to accommedate initial recreation
visitation of 55,400,

Minor positive effect,
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TABLE D-23 SYSTEM OF ACCOUNTS
MISSOURI RIVER RECREATION DEVELOPMENT
GAVINS POINT DAM TO PONCA, NE

Ngt Benefits
Rpgion
Rest of Nation
Total
Increased Employment
Projesct Construction
Smaspnal Service
Increased Income
Tax Revenues
Gasoline Tax
Sales Tax
Total

Bugingas and Industrial

Activity

1/ See Par. 161
2/ NED, EQ Plan

Coding lj

2,5,7,10
2,5,7,10
2,6,7,10

1,5,7,10
2,5,10
2,5,10

2,5,10
2,5,10

2,5,10

2,5,10

REGIONAL DEVELOPMENT

2/ Plan B éj
Plan A —~ Federal Water
Wild and Scenic Project
Rivers Act Recreation Act
PL 90-542 PL 89-72
$ 3,244,400 $ 80,750
- 599.200 =-11,550
$ 2,645,200 $ 69,200
60 10
390 30
5,000,000 400,000
170,000 14,000
170,000 - 12,000
$ 340,000 $ 26,000

Growth in recre- Small growth in
ation industry recreation

and associated industry.
services,

3/ Coding: "9" replaces "10" for all Plan B effects.
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205. Regional Development: (Displayed in Table D~23)

Plan A will have a significant impact on the regional economy as

the recreation services industry develops to serve the large influx
of recreationists who are estimated to spend $5 million annually,
Construction impacts will be relatively small but induced Seasonal
employment could number nearly 400. Taxing revenues in the areas

of gasoline sales and sales tax could approach $340,000. Plan B
would have impacts of the same type, but on a much smaller scale

a8 recreation expenditures are estimated at around $400,000 annually,
Seasonal employment could reach 30, while taxing revenues could
approach $26,000 per year. Both plans should have a positive effect
on industrial development in the area, since recreation availability
and accessibility are positive characteristics desired by plants

seeking expansionary locations,

206. Selection: Since Plan A better preserves an environmental
resource of national importance and at the same time 1s the more
efficient investment as judged by economic criteria, 1t was chosen

ag the recommended plan,

Unfinished Business

207. Final selection of the Plan elements to be recommended in

this report has left several problems and opportunities identified
but not finally disposed of, These items are listed here as a re~
minder of actions needed at some future date, over and above those
actions which would be accomplished through the routine conduct of

daily business,
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Water Use

208, Paragraphs C-93 through C-98 discussed the steps which must be -
taken along the way toward a managed program of resource use as
contrasted to unbridled competition for that resource, Each passing
month sees more widespread acknowledgement that the steps should be
undertaken soon; the unresolved question is how to begin. The
National Assessment and the USBR's Total Water Management Study have
focused attention on the present extent of the water supply and on
identification of the location and amount of consumptive uses,

These new data in conjunction with a streamgaging record reaching
back, in part, nearly eight decades, should make possible a well-
documented baseline condition by the early 1980's. Consensus over
future conditions appears to lie considerably farther down the road.
5r11l to be made are the policy declsions; cholces based upon an
avaluation of alternative uses -~ trade-offs, to use a term in cur-
rent fawor. That these choices are beyond the prerogative of the

Corps of Engineers to make does not mean they should be neglected.

Waterlogging

209. Paragraph D-116 mentioned the possibility that future water-
logging problems at Buford-Trenton might result in the proposal of
a-multi-million dollar land acquisition program. Such an action
would require more supportive data than is presently available.

Well logs need to be continued and additional wells added if questions
arise concerning the geographic extent of the problem. Systematic
records of crop production would also be helpful in establishing the

extent and magnitude of lost production by tract.

Hydro-Power

210, Paragraphs D-139 and D-144 deferred final conaideration of
hydro-power additions at Oahe and Fort Randall and pumped storage
adjacent to Lake Sakakawez wvitil the decade of the 1980's. At that
time both the energy and watc: use policies of the region may have
further evolved, pointing the way to a more clear choice. To pro-
vide a mechanism for this further examinﬁtion, the response of
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this report to Congressional authorization of hydroelectric power
studies 18 interim in scope., After potential contributions of
those projects here deferred have been assessed in the light of
newly developing national policies, a final report will close out
this study. Meanwhile, the option to construct low cost peaking
capacity remains open at virtually no cost in lost energy, thanks

to the size of existing power installations.

211, At Port Randall, extensive study of the downstream effects of
additional power peaking discharges had been completed prior to the
decision to defer further consideration, This work included the
conduct of field velocity measurements and bed material classifi-
cation as well as zero-discharge, aerial photography and stage
readings similar to the work done at Garrison and described in
Section E, Hydro-Power Facilities - Garrison. Deferral of power
additions at Fort Randall has removed need to include that material
in this already voluminous report; to preserve it for future con-
slderation, however, a special technical report documenting the data

will be prepared.
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SECTION E .

THE SELECTED PLAN

1. This section describes the seleczed plan under the three major
topics of bank protection, hydro-power, and recreation, fish and
w.ldlife. Plaa accomplisiments and effects are identified, includ-
ing the cost ol bank protoction., Economics of the other features

are discussed in Section .. Information on design, comstruction and
operation and naintenance is included o the extent necessary to sub-

siantiate the expected plaa accomplishients and effects.

Bank Stabilization

2. The selected plan peovides for bank protection measures in the
rcaches downétreém from Fort Peck, Garrison, Oahe, Tort Randall and

Gavins Tloint Dams in furtherance of Congressional expressions in the
1974 ana 1976 “ater Rkesources Developnent Acts, Sections 32 and 161,

respectively,

Plan Description
3. Lt is proposed to control bank evosion by employing river
msnagement techniques using a variety of structural bank protection
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measures in combinations that are appropriate for-local river conditions, -
Typlical elements (Fig., E-2 thru E-8) are flow control structures,

vane dikes, windrow revetment, artificial hardpoints, composite bank-
line revetment, sand fil} revetment, and tree retards, Still other i
techniques may be developed which will meet the overall objective of

the plan, which is to prevent loss of valley lands by protecting the
high river banks, while leaving the river environment between the high
banks in its present condition with no loss in water area. of necessity,
8ite treatment detailed here is based on river conditions existing at
present. Since the location of the river channel 1s extremely variable
and points of attack on the banks shift from season to Season, specific
Lypes of structures and their locations will be adjusted at the time of
conetruction to insure compatibility with prevailing field conditions.

&, Reductions in the long-term average flow of the Missouri River,
as & result of future growth in depletions, will not diminish the
need or function of the bank protection works. Field observations indi-
cate that even though an overali correlation exists between rates of
bank erosion and streamflow rates, very high rates of erosion still
occur at specific locations during low flow periods. This occurs as

a result of the continuing tendency for the main channel to migrate in
and between the sand bar and to be directed toward the high overbank
lands either at high flows or at low flows. 1In addition, the possi-
bility of high basin runoff in any given year will continue to exist
regardless of the extent to which future depletions materialize,

SPONSQRSHIP

5. Since the basis for this pPlan element rests in Congressional

expressions previously recited, implementation procedures must con-—

form to those expressions. They call for non-Federal sponsors of

the works who will provide without cost to the Federal Government:
@ Necessary lands, easements, and rights of way;

® Federal indemnity against damages due to the construction;
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@ Operation and maintenance after project completion.
Letters of intent have been obtained from sponsors of work in the
recommended reaches and are discussed further in Section G. No
preblem is posed by the first two requirements just listed; re~
sponsibility for operation and maintenance, however, must be
scheduled in an equitable and realistic manner. Failing this, local
sponsors may be burdened beyond thelr resources in the commitment
to maintain a project still in the developmental stage. This aspect
fa discussed further in paragraph E~38, Operation and Malntenance,

SCOPE
6. The plan for the 190~mile reach downstream from Fort Peck Dam

consists of work in five critical areas listed in Table E-1 and
shown in Plates E~1 to E-5., The plan for the 79-mile reach from
Garrison Dam to the headwaters of Oahe Reservolr consiats of work

in 29 areas listed in Table E-]1 and shown c¢u Plates E-6 through
E-19. The works already constructed in seven areas under the PL 88-
253 authorization for bank protection in the Missourl River-Garrison
Dam to Lake Oahe project have been incorporated in the present plan.
The remaining sites are presently authorized for construction by the
Streambank Ercsion Control Evaluation and Demonstration Act, Section
32, Water Resources Development Act of 1974, as amended by Section
161 of the 1976 Act, which specified "multiple sites" in the Garrison
reach including 2! sites that are specifically named in the 1976
Amendment, A plan for the five-mile reach from Oahe Dam tc the
headwaters of Big Bend Reservolr on Plate E~20 includes work neces-
sary to avoid critical erosion to private development along the
right bank from the Oahe project boundary downstream to Fort Pierre.
The plan for the 36-mile reach from Fort Randall Dam to the Niobrara
River consists of work at seven critical areas listed in Table E-1
and presented on Plates E~21 through E=26. The plan for work
throughout the 58~mile reach from Gavins Point Dam to Ponca State
Park, Nebraska, is ﬁresented on Plates E~27 to E-35, The 25 sites
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LABLE k-1 EXISTING AND PROPOSLD BANK PROTECTION SITES

BELOW MISSOURI RIVER DAMS

Sice
Miasouri Location Right Exist~ Authorized Under
Kvar 1960 or Lefc ing Section 31 as Hodified
Basch River Mile Bank Name of Area Work By Saction 161 Othar
Tort Pack 1620.8 R & L Culbertsom Area x
1675.8 Right Poplar River Area Part I X
1679.2 Right Poplar River Area Part I X
1739,0 Right Frazer Lake Area X
1759.0 Left Hilk Biver liilie Area X
Garcison 1310,0 Right COustar Plats X
1311.0 Right Fort Lincoln } 4
- 1313.0 R4 Bismarck-:landan 1/
1316.5 Right  1I-94 Highway - F'e
13i6.5 lefe Picaeer Fark X
13,5 Left Burnt Creck ) 4
1323.0 Lefr Eaglm Park 2/ -
1326.5 Left  Indian Hownd - b §
1327.5 &L Square Butte 1/
1332.0 R&L Dry Point i/
1334, 5 Right Horseshos Butte - b 4
1335.7 Left Veganport X
1338.5 Left Price Part I X
1341.0 Right Prica Part 1 X
1343.5 Right Pretiy Poinc X
1345.2 Left Wildwood (Upper) )
1345.0 Bight Sanger X
12530.0 R&EL Pairted Woods 1/
1355.0 Bight Washburg - &
1357.5 Left Lewis & Clark Camp b -
1360.0 Left Coal Lake Coulee X
1%2,0 &4 L Lake Handan u
1366.5 Laft Sandatone Bluff II b 4
1368.0 Left Sandacone Bluff 1 X
13715 Right Port Clark Power Plant 1¥)
1372.0 Right Stanton Powsr Plant 1/
1374.0 Left  Knife Point Part I - X
1379.5% Right knife Foint Pare II I
1385%,0 Right  Hancock b &
Caba 1067.5 Right Fort Plerre X
Fort Randall 851.5 Right Choteau Cresk &/
- 862.0 Laft Wiliow Bar &/
864.0 Laft Greenwood &/
858.0 Right Sunshine Sotrtom Al
§74,5 left  Yankton Sioux Tribal &
875.0 Right (Moemile Gulch Y]
B78.0 Right Eagles Hoost &
Gavins Point 735.3 Left Elk Point &
7590 Right Ionis Hend &/
76C,5 fight Ionta Hend &7
164.5 Left dolton Bend A
767.0 Right Ryan Bend x
771.0 Left  Vernmillion River Chute 2
772.5 Lefe Fairview A/
175.0 Right Mulberry Bend X
777.0 Left Hulberry Point X
179.0 Right North Alsbana Point &/
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T/BLE E-1 (CON%'D)

Site
Location Right Exise- Authorized Under
m&;:::ri 1960 or :ef: ing Section 32 as todified )
Reach River Mile  Bank lame of Area Work By Saction 16l Other
Gavina Poinc 781,0 Left Clay County Park &f
7683.3 Left Vernillion Baat Club X
784.0 Right Brooky Sottom Road 2/
786.0 Left Vermillion Boat Club Area 2~ &f
790.0 Left Audubon Bend &
744,0 Left St. Helena Bend &
796.5 Left Goat Island &/
798.5 Right Cedar County Park &
800,0 Right  Canphells Point A/
801.0 Left James River af
803.0 Right Yankton Reach &f
804,0 Leftr Rush Island Af
805,7 Right  Beaver Creek &
B05.0 Left Yankton Riverfromt &
BOG.& Lefe Sacred Heart Hoapitsl ¥

Authorized under PL §8-253, 1963 .
Authorized under Sectfon 32, PL 93-251, 1974, under construction as of 1 January 1977
Authorized under Section 39, PT, 33-251, 1974

Thase sites are in spacifically-named river reachas whare "multiple sites”™ were sutborized by
Saction 32, PL 93-251, bui are not inciudéd in the present Section 32 program due te funding
limications,

et

are lisved in Table E~1., 5ix of the sites nave been funded and are
proposed for construction during 1977 under the Streambank Trosion
Control Demonstration Act, Section 32 of the Water Resources Develop-
went Act of 1974, The existing bank protection at Sacred heart
Hospital, authorized by Section 39, Pi, 93-251, has been incorporated
in the present plan.

7. Inspection of Plates ¥=1 througih L-35 shows that the initial
structural system will provide direct protection to only a portion
of the total length of erodible river banks in the project reaches,
These are areas where erosion is presently occurring or imminently
threatens. [I'rotection o these areas will eliminate the source of
rew bed sediment and the changes in bank alignment that are the
rrincipal cause of channel shifting within the riverine area he-
tween high banks. Even though all hiph banks which lack either
ratural or man-made protection are subject to eventual attack by

the river, this more stable regime will reduce the tendency. It is
not possible to predict very far in advance the location of future
erosion, the time of occurrence, or the most suitable protective

techniques. Tn the face of this uncertainty, it would be most
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uneconomical to protect all potentially ercdible bamks with initial
construction. The most feasible plan 1s to take care of any threat-
ened area as the nead develops from vear to yvear., After the initial
construction is in place, it is expacted that channel changes will
be slowed enough that new needs can be predicted and satisfied

within a reasonable maintenance program,

8., Lands shown on Plate E-2 which abut the Fort Peck Indian
Reservation in Montana and on Plates E-22 through E~26 which abut
the Yankton Indian Reservation in South Dakota will not follow the
sponsorship procedures discussed in Paragraph E-5. Instead, it is
proposed to enter into a memorandum of agreement with the Bureau
of Indian Affairs in lieu of Sectionm 221, PL 91-6l1.

REACHES OMITTED FROM THE PLAN

g. The plan, as discussed in the previous seven paragraphs and

displayed on Plates E~1 through E-26, was developed to respond to
identified areas of active erosion. On non-Federal lands the re-
quirements of sponsorship discussed more fully in Section G insure,
among other things, that bank protection is not provided along ex-
tensive reaches where no one wants it. Federally-owned lands ob-
viously deserve the same consideration. In the Fort Randall reach
are two sites identified as Eagles Roost - river mile 878, and Nine-
Mile Gulch, river mile 875 and shown on Plate E-21, They lie on
tracts of land described in paragraph C-116 as the Karl E. Mundt
Rational Wildlife Refuge and managed by the U, S. Fish and Wildlife
Service. Although personnal of that agency have measured high bank
caving of as much as ten feet of tree-covered prime eagle roosting
habitat in one season, concern over possible habitat degradation hasa
caused their present opposition to the stabilization work. The area
is retained in this section to document a problem area, but is not

included in the cost estimate,

RIVER ACCESS
10, The incorporation of recreation development —- specifically
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r.ver access sites —= into the hank protection progran is dependent
o the identification of local sponsors willing to operate and main-
tain the site and to share 59 percent of the original cost, This
requirement determined tite number of sites recomnended here. Their
cxtent does not represent a full response to the recreational de-
mand; rather, it represents the financial ability of identified
local sponsors., It is pessible additional sponsorship will be pro-

posed during sdvanced design.

14, Approxinate locations of the thiee sites recommended in Horth
Dakota are:

® The vicinity of iashburn off State Highway 2004,

@ The vicinity of Dismarck off interstate 94,

@ South of !landan.
The approximate locations of the two sites recommended below Fort
Randall are:

@ Last of Gross, Webraska,

® lorth of Verdell, iiebraska.
l.ack of sponsurship prevents additional river access sites from
recommendation for the reach of river below Fort Peck or below Yort
Randall at this time., Access to the river below Gavins Toint is

included in the discussion of I'L 9(=542 designation.

TIITIGATION

12, In light of the efforts viiich will be exerted during design
and construction of the bank protection works to insure compati-
3ility with current riverine habitat and bank alignment, no miti-

gative measures arc recommended as being ueeded.

Evaluated Accomplishments

13. “he primary accomplishments that will result from the bank
protection plan are:
® Prevention of the permanent loss of 272 acres per year of

valley lands below Fort Peck, Garrison, Oahe, Fort Randall, and
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Gavin; Point Dams, based on estimates that the proposed measures
would control about 80 percent of tlie estimated future land losses
in all reaches, except for Fort Peck., In this reach the propesed
measuces are estimated to control about 20 percent of the land
logses. Components of this averted loss are roads, bridges, resi-
dence:, recreation lands with laprovements, woodlands, pasturelands,
and croplands,

® Stabilization of the location of tae high river banks along
the valley lands.

® Contribution of an essential elemeat to proposal for desig-
nating the Gavins Point reach as a i'ational Recreation River under
the National Wild and Scenic Rivers Act,

® Provision of river access to pleasure boaters, fishermen
and hunters to the extent of 15,000 visitor days per site per year

for a total of 75,000 visitations annually.

Environmental Effects

14, The significant reduction in the rate at vhich Missouri River
vallev lands erode into the river is considered the wost significant
impact of the bank protection plan. Other less significant impacts
include procurement of the rock for use as riprap and the act of

physically constructing the protective structures.

15, At the present rate of erosion, about 437 acres of high bank
valley lands are being lost annually. The valley lands (viewed as
flood plain lands extending about one mile back from the river shore)
are made up of cropland, 64 percent; woodland, 11 percent and grass-
land, 22 percent, The remaining three percent includes municipalities,
roads, marsh and water. At tae river's fringe (a 500 foot border
landward of the river bank) the make up of the terrestrial plant cover is
about 25 percent cropland, 32 percent woodland, and 29 percent grass-—
land; the remaining 14 percent is made up of roads, sand dunes, and
marsh. Biologists from the U, S. Fish and Wildlife Service, States

of Montana, iHorth Dakota, and South Dakota, and the Corps of Ingineers
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evaluated the {lood plain lands in specific transects for their
value to wildlife in the open reaches lelow Fort leck, Garrison and
Fort Randall; the Corps assessed the wildlife value of the land
cover beiow Gavins Point for wildlife. An assumption has been made
that similar land cover tlroughout eaci: open river segment has value
for wildlife similar to tle surveyed transcets in that open river
reach. nased on this assumption and a wildlife value rating of one
te ten, with ten being the most valuable, the average woodland in
the flood plain was judgec to have a wildlife value of almost eight
(quite valuable), grassland and valley cropland have wildlife values

of just over five (average value),

16. The fact that almost 20 percent of the valley woodland is
found in the river fringe, coupled with the fact that woodland does
not exist outside the liissouri River valley in the study area except
for small amounts of farm woodlots and other drainages' fringe wood-
land makes the effect of keeping the high bank valley lands from
eroding very beneficial., The importance of this effect is intensi-
fied because the iissourl River woodland is not being replenished

to fhe same extent as it vas before completion of the main stem dams
virtually stopped overbank flooding - a condition that initiated the
cot tonwood-dominated woodiand successional development, Flood waters
carry coctonwoud seed; upon recession of flond waters cottonwood
seeds germinate, producing; seedlings and saplings, and eventually,
mature stands of cottonwood, Today, cottonwood seed perminates

only on sand bars and low bank land (tue only lands beiny flooded)
where seedlings and many saplings develop., llowever, cottonwood trees
fril to mature on these lands because :he ground water table is too
close to the surfaces to permit mature growtih of the cottonwood root
system. Therelore, the remaining cottonwood-doninated, high bank
woodland is a unique and irreplaceable liabitat tvpe; its loss nost
significant and its protection wost desirable. J.oss of the other
major wildlife habitat types -- cropland and srassland -- is not
considered significant because both habitat tvpes are common in the
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floed plain .nd the adjacent uplands,

L7, Since the cessation of 'loods bvelow 'lie main stem dams there
ilas heen consilderalile land usc alteration vesulting Iin the reduction
of wocdland ind an increase ol cropland. liscalakion of cropland
value and crops produced, morc productive :nd cost effective farm—
ing methods and woodland clearing methods, and improved farm equip-
nment are other significant causes of these land use changes. An
indirect effect of bank protection may wel’ be further replacement
of woodland by more profitable cropland, lLowever, because nuch of
the remaining woodland (particularly that located on the river
fringe) is growing on very sardy soil which is not usually regarded
as good quality cropland, the land use change may not be highly signi-
ficant, Currently, there is considerable interest in irrigation
farming on the Missouri River bottomlands vhere there is an adequate
supply of both surface and ground water. Therefore, an indirect
effect of bank protection and the resultant conversion of woodland
to cropland, may be irrigatiorn of that cropland. Irrigation typi-
cally commands the use of agricultural chemicals which could lead

to advition of salts in the so0il and an additional source of wild-
life poison, In relation to the entire agricultural contribution,

these cffects will be very minor,

13, Protection of the high bank lands will eliminate a principal
source of new river bed sediment, A direct consequence will be
better river water quality; however, this impact will be insignifi-
cant since turbidity levels are already quite low. A secondary
effect will be a more stabilized river bed after the initial removal
of recently deposited sediment. This effect should provide a some-
what better substrata for growth of benthic organisms, but it is

also considered to be insignificant.

19, lock will be the major buildin;; material used in the construc-
tion ol bank protection structures. It is anticipated that rock
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will Le obtained from existing quarries (particularly for rock such
as quartzite) from quarries opened primarily to supply rock for this
construction (particularly for sedimentary rock), and from collect-
ing field stone from prairie hills adjacent to the Missouri River.
The environmental effect of mining granite from existing quarries

is typically the removal of ground cover prior to excavation, Sedi-
mentary rock found adjacent to the Missouri River, particularly in
the lower part of the study area, 1s the substrate of the Missouri
"breaks". To obtain this material the '"breaks" overburden is first
removed, including the vegetation cover which is typically timber,
The visual effects of this operation are much more significant than
removal of ground cover and harvest of rock from quartzite quarries.
Usually, the timber cover of the Missouri "breaks" is quite valuable
to wildlife. Mining of sedimentary rock could harm cultural re-
gources, Even though preservation of the cultural resource data
would be effected, the disturbance of the archaeological site and
its context would diminish the overall value of the resource. The
envircnmental effects of mining rock, both quartzite and sedimen-

tary rock, is not considered to be significant.

20, In areas along the Missouri River where past glacial action
has leoft a supply of field stone drift, it may be economically
fagsible to gather the field stone for use in the constructien of
bank protection structures, This operation usually consists of
rakin;; fileld stone off prairie land and reducing the size of stone
too lirge for such use by fracturing the stone using a crane equipped
with a2 "headache ball." The effect of this operation is to disburb
the snil, causing surface erosion until ground cover can be re-
established; temporary reduction of the wildlife numbers; a lessened
value of scenery; and a potential requirement for cultural resource
mitigation. The amount of prairie land temporarily affected by

the removal of field stone for use in the construction of bank
erosion structures in comwparison with the amount of prairie hills
adjacent to the Missouri River in the study srea is minimal}
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the environ wental effects asscciated with this operation are con-

sidered to e insipgnificant.

21, The e .vironmental effects of bullding the bank protection
structures 111 depend upon the type of structure being constructed.
Vindrow rev tments, eithier piled in prepared trenches or on the ground
will have n.» immediate effect on the aquatic environment., As the
rock slough into the river, due to undercutting, to form a barrier
between the river and the bank land, the river will become turbid,

at least in the immediate area of the sloughing. This effect will

be temporar - and would have occurred with or without the presence

of the rocii. Subsequent effects of the rock in the river may be to
add aquatic habitat diversity which would be beneficial. The Missouri
River bed i composed almost totally of shifting and moving sand; a
notable exc ption is a reach located at the Nebraska-South Dakota
state line, composed of rock which provides a most significant sauger
and walleye spawning area, and possilly a paddlefish spawning area,
The additio.al rock will provide a firm substrate for colonization

of benthic ..rganisms, small cavities that can be used as escape cover
by small aq.atic animals, and possibly nesting cavities for catfish.
Windrowed rick, if placed on the surface of the land, could also
provide escipe cover and possibly nesting cover for small land ani~
mals. In tirn, windrowed rock could become feeding sites for pre—
dators and j.unting sites for man, Windrowed rocl: placed in trenches
and covered with dirt and seeded may be more aesthetically pleasing
to man but «f little use to small land animals. All other banlk pro-
tection strictures will be constructed in or interfacing with the
river causing the immediate disruption of the river bed at the struc-
ture site. The effects would, however, be similar to the windrow
revetments ..fter sloughing into the river. Construction equipnent
noise and f.imes would be an insignificant, temporary adverse effect,
The propose . structures are not designed to diminish the water area
of the Missuuri River, nor to alter naterially the configuration of
the river within its high lLanks.
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L2, iie opea river reach below Fort Peclk Dam has five areas of
croposcd work totaling 12,310 :eet affecting just over one-half
vercent ot the river shoreline. The overa)l environmental effect

of bank protection in this reach is considered to be insignificant,

23. is showa im Table ii=1, the open river reach below Garrison

Jam has 21 sites proposed in addition to the eight sites already
constructed or under coniract. The combinstion of proposed and
completed works will affaet approximately eight percent of the total
nankline. This plan, in.addition to protecting adjoining hign bank
iand sihiould diminish the rate of delta build-up in the headwaters

of Lake Oahe, The overall direct environmental effect of the plan
in this reach of the river is considered to be beneficial in that
the unique and irreplaceable river valley wvoodland will be protected
from eroding into the river. The indirect environmental effect,
that of removing woodland and replacing this habitat type with crop-
land, is considerec to be adverse, ‘The reduction in the rate of
build-up of the delta in the headwaters of Lake Oahe is considered

-0 be an indirect leneficial e; fect,

24, fetween Oahe Dam and Lake Sharpe, a distance of five niles,
pproxinately two-thirds of a rile of shoreline adjoining the north
‘nd of Fort l'ierre will ve protected. The direct environmental
~ffects of this action oa the aquatic habitat is considered to he

insignificant,

15, The open viver reach botween Fort Rardall Dam and Lewis and
.lark Take has seven separate reaches of river bank identified as
wctively eroding., Two of thesc adjoin the Karl L. Hundt lational
J1ldlife Refuge on the right bmnk at river miles 375 and R78. They
ire identified as iagles ioost and liine-nile Creek in Tabie I=].
wcecording to recent studies of wintering eorsles on and near the
‘efuge, as sumarized on Figure -1, wmature cottonwood trees im-

ediately adjacent to tha river bank are arong the sites favored
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Figure E-1 DISTRIBUTION OF WINTERING BALD EAGLES
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by the eagles; these trees are also most in danger of faliing into
the river, particularly in these reaches of active erosion, The

U, S. ¥ish and Wildlife Service, however, has decided not to permit
the actively eroding banks to be included in the plan for protection.
Tree loss must, therefore, be expected to continue. The left bank
protection structure in the vicinity of the fish spawning ground at
the Nebraska-South Dakota state boundary will be designed s0 as not
to adversely affect the spawning grouad either due to increasing
vater currents beyond £ish tolerances over the bed or by causing
sediment deposition on tiae spawning bed. In all, about five percent
nf the river bank line will be affected by the plan, The overall,
direct environmental effects of the plan for this reach of the river
are considered to be beneficial. Since about 15 percent of the valley
woodland in this reach 15 located on the river fringe, and this habi~
tat type is most suscaptible to conversion to cropland, the indirect,

environmental effect of this potential conversion would be adverse.

26. Placement of structures totaling 130,000 linear feet is pro-
vosed for the river reach between Gavins Point Dam and Ponca State
Park, the same reach of the river proposed for designation under the
Wild and Scenic Rivers Act, This will affect 23 percent of the
present bank line, The direct environmental effect of the construc-
tion of the protectior structures and harvesting of the rock is not
considered to be a signiiicant adverse effect. Only structures now
being installed under authority of Section 32 of the Water Resources
Act of 1974, or modifications thereof, that demonstrate aesthetic

and biological effects compatible with National Wild and Scenic

Idver designation will be used in this river reach. Further, special
effort in tne design and placement of the structures will insure that
the within-high-bank river features found to have outstandingly re-
markable value in the wild and scenic river study fully described
later in this Seciion will be preserved to the extent protective
structures can accoemplish :he task, Thus, any direct environmental
effects of these compatible structures are considered to be an accept~

able trade-ofi for gaining protection of the riverine resources.
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Beacause the Wild and Scenic River designation proposal incorporates
about 1,700 acres of scenic easement of the high bank land in this
river reach which will restrict timber removal, the opportunity for
land owners to convert a significant amount of river fringe wood-
land to cropland will not exist, Hence, the indirect environmental

effect of such a conversion 1s avoided.

Other Effects

27, The transfer of land use from woodland and pasture to culti-
vation has already been discussed in paragraph E~17. Other than

the environmental impacts described there, and the accomplishments
quantified in paragraph E-13, only minor effects are anticipated.
Perhaps ten unskilled workers will be permanently employed in mainte-
nance work, Monetary impacts on hunting and trapping are considered
to be insignificant, Construction roads leading to the river for
placement of the works will cause some temporary loss of crop pro-
duction, but even this will not occur at every site since some

placement will be done from the river side.

Design

28, In accordance with the plan objective, a major design con-
sideration will be to hold disturbance of bank and bar areas to a
minimum to preserve a natural appearance. Suitability as fish
habitat will be a primary criterion in the location and configura-
tion of structures and selection of their construction materials,
Critical technical factors affecting structure design and stability
are bedscour at the toe of the bank, weathering in the zone of
stage variation, ice action, and filtering of fine river sand through
the structure., Velocity, per se, is not an important consideration
in designing Missourl River structures; neither is the threat that
design stages will be exceeded and the works dmmaged by frequent
overtopping., The river stages actually experienced will almost
always remain below the top of existing high banks and will vary
between fairly well definable limits, Several types of protection
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techniques will be el os approprilato, either as single measures or

in combination, together withi a standard design for river access points.

TLOW COLTROL STRUCTURLBS  {Tlgure -2

29, These structures project roughl: perpendicular to an eroding
bankline, beginning froo the baakline and projecting riverward to

an existing sand bar or (siand.  The structure consists of a sand
core, protected wity an «rosion resis. .ant facing tiroughout the wash
~one, then continuing on across the top vwita locally adaptable vege-
iation., Openings tarowy. tue structure are constructed at varying

« levations and locaticns to pernit se .ected anounts of flow to pass
inrough the chute. The ntiuctures are particularly adaptable for
fLoppin s secondary cihute: PFvon becomiay the uain river channel, thus
containing the nain fiou In its preseat location, preserving the
local riverine euvircmrens aud orecluding tue nezd for extensive
future bhank protection works., he structure will preserve czisting

Cpen water arcas and provide inercasea variability in water depths,

Figure C-2  ¥LOWL CONTRIL STHUCTURE
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VANE DIKES: (Figure E-3)

30, Vane dikes are low elevation structurcs designed to direct
the fiow away from an eroding bankline. The structures would be
constructed of rock or chalk the tops of which are constructad be-
low the normal water surface, and would not be connected to the
high bank, Water would be free to pass over these dikes but the
main thread of flow would be directed away from the eroding bank,
The structures will discourage high erosive velocities next to an
unprotected bankline, thus encouraging diversity of channel depths,

as well as protect existing natural bottomiand characteristics.

Figure II-3 VANE DIKIS
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JINDROW REVETIGENL s (5, uge fed)

31, Whis ceatrel rechnique consisis of depositing a fixed amount

of erosion resistant marevial Jandwird fron the existing bankliine,

at a predetermined location bevond which additional erosion would

aot be permittad. Tio technlque coaslsts of burying a sufficient
supply of erosion sesistvant material below the existing land sur~
face, then permitting ibe arz2a betwaen the natural river bank and

the buried windrow to e¢yude through natural processes, until it
reaches and undercucs tite suppily of rock. As tbe rock supply is
undercut, it falls invo the eroding srea, thus giving protection
against further undevcutcing, and eventually halting further land-
ward movement. Tne resulting banciine would remain in a near natural
state, with an ivregular appearance vith occesional scallops reaching
vackward to the windrow location. The treatment particularly lends
itself to the protectisn of adjacent wooded areas, or next to long

stretches of presently ecoding irregular bankline.

Figuere =4 WINDROW REVETMEAT
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ARTIFiICIAL HARDPOTITS: (Fipure li-5)

32. This managemunt technique consists ol sections of stone fill
dpacec interamittently alonp an eroding ban'tline. The structures
protrude only suort distances into the river channcl and are sup-
plemented with a root section extending landward to preclude flank-
ing si.ould excessive erosion nersist, The majority of the structure
canno. be seen as it consists of underwater placement or rock, covered
vith ropsoil and seeded with a native vegecation., “Yhe structures

are e:n.pecially adastable in long straight reaches not subject to

direc. attacx.

Figure K-5 ARTIFICIAL IIA WPOL.TS
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COMPOSITE BANKLINZ REVETMENT: (Figure F=6)

33. This technique will be used to control undercutting of an
eroding bankline, and consists of protecting the lower underwater
slope with sufficienc materials, such as rock, sandbags, precast
blocks, or plastic cloth, to prevent further erosive undercutting
of the banks. The upper bank will receive a lesser treatment con-
sistiné of materials, such as compacted clay, coarse gravel, crushed
rock, various vegetative treatments, plastic filter cloths, soil
cement, or other materials to control erosion in the upper wash
zone, In line with the environmental objectives of the plan, only
minimal disturbance of the above-water portion of the bank will be
permitted.

Figure E-6 COMPOSLTE BARKLINE REVETMENT
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SAND FiLL REVETIGNT: (Figure =7)

T4, vhis structure is usced to redirect the main coponent of [low
iway 4o an eroding bankline, and iz usually or eated roughbly paral-
lel to the existine bankline. Tue scructure is attached to the bank
at the landvard end, and constructed of readily available materials
suchh o3 sand, faced wvith a non-crodible layer oi clay, gravel, or
rock. FPipes at varying elevations would be installed at critical
locations to pernit small amounts of freshh water to enter the area
between the structure and the oripginal bankline, <This area will be-
come a slow-loving backwater area, open to the main flow at the
Jownsirean end. The structure would primarily be used to redirect
the flow awav [rom an eroding bankline, ana at the sane time reduce
or eliminate the nced for extcensive wrotective measures farther

dowusl ream,

Figure k-7 5AHD FILL REVETTINT
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TREE RETARDS

35, This erosion control technique consists of 30 to 40 foot trees

placed horizontally in the river perpendicular to the river bank.

A small stone root and deadman will anchor the tree in the desired
location. The branched portion of the trees will be resting on the
bed of the river, thus screening the banks from direct river attack,
encouraging the collection of debris, and reducing bank erosion.

The technique 1s an attempt to reproduce a natural phenomenon that
occurs throughout these river reaches where trees are undercut,

fall into the stream, and form a natural barrier to further erosion.
The bankline will remain in a near natural state, and provide ex-
cellent fish habitat,

Figure E-8 TREE RETARDS
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RIVER ACCESS

36. ixclusive of the river reach below Gavins Point Dam which is
discus.ed elsewhere in this report, river access points vill con-
sist o a single lane boat raup and boat dock, gravel parkings, area,
sanitary facilities and all weather, gravel access road from the
neares! public, all weather road. Lach site will require five acres
to accommodate facilities development and public use and 66 foot
width cight-of-way for the access road. Average length of access

is estimated to be one-quarter mile, making the total land require-

nent for each access an average of 7.5 acres,

Construction
37, it is estimated that the initial construction phase of the

bank protection plan could be completed in all reaches in five years
following receipt of construction funds. As stated previously, the
areas of construction presented on Plates k-1 through E-35 are those
considered most urgent at this time; priority and exact location of
the works will be determined just before installation in order to
insure maximum effectiveness. Construction technidues will vary at
the various sites between placement oy land or by floating plant
depending on construction practicability, environmental impact or

local site conditions and land use.

Operation and Maintenance

38. Description of the bank erosion process, the program recot-
mended to reduce its effects, and the sponsorship requirements all
voint up the dichotomy to be found in responsibility for maintenance.
Jon one hand, there exists a statutory responsibility for local as-
sumpt .on of the maintenance efifort once coastruction is complete;

on the¢ other hand, the very process of completion as discussed in
paragraph I~7 calls for on-going activity in response to changing
river conditions over the years vhich 1s closely allied to new con-
struc:ion. In the past, local entities have expressed reluctance

to spmsor stabilization works they might be unable to afford. It
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:
is important that a clear demarkation be fixed between those con-

tinuing measures the Federal Government will undertake and those

which must be undertaken locally.

39, Two aspects of this project extend the period of Federal re-
sponsibility beyond the end of initial construction:

® The nature of the program, “"demonstration and evaluation",
calls for innovative and unproven techniques. It is not reasonable
to suppose their remedy lies within the limit of local resources.

® Since the accomplishment of an effective yet efficient plan
depends on initial protection of presently evident "hot spots" with
subsequent monitoring, identification, and annual treatment of new
problem areas until bank erosion in the reach has been reduced to a
tolerable minimum, both the initial construection and the annual
treatment are considered here as properly accomplished by Federal

effort.

40, Paragraph D-165 described existing policy applicable to
Section 32 projects, which called for rehabilitation after five
years of demonstration and evaluation. Continuation of this policy
seems appropriate in the case of individual structures and reach
segments after construction is fully complete. The best estimate,
based upon past experience with bank protection works along the
Misgsourl River main stem, is that twenty years of Federal treatment
in the newly occuring areas of erosion will result in a well-stabilized
saction ready for local assumption of operation and maintenance re-
sponsibility. Federal costs for annual maintenance necessary for
rehabilitation of existing structures, and the installation of ad=-
ditional works as required over a 20-year period after construction
in a given reach, are estimated at five percent of the initial con-
struction cost. After local takeover, annual maintenance costs are

estimated to run one percent of construction cost,.
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Construction and Maintenance Costs
41. The Congressional actions which removed bank protective measures
from the requirement for evaluation under Principles and Standards
criterija have already been discussed. In the absence of this formu-
lation methodology, compliance with the format of Section F, Eco-
nomice of the Selected Plan, becomes moot. Cost estimates for
placement and malntenance of the work listed in Table E~1 have been
prepared, however, and are presented in the following paragraphs.
Unit prices reflect 1976 contract bid experience,

CONSTRUCTION COSTS
42, Federal construction costs for protection of the areas showm
in Table E~1 are presented in Table E~2. Not all of these costs,

however, are newly created as a result of recommendations contained
in this report. Some are costs authorized under Section 161 of the
1976 Water Resources Development Act for construction of specific
works in the reach between Garrison Dam and Lake Oahe. Of the total
$8,101,000 shown in Table E-~2, $400,000 is a recommendation for new
authorization; the remaining $7,701,000 is for work in compliance
with Section 161, For orderly implementation of the recommendations
in this report, it is necessary that all components of Table E-2 be
incorporated into the normal budgeting process,

43, The non-Federal component of construction cost arises from
the provision of lands, easements and rights-of-way. Permanent
ecasements have been costed for the lineal feet of bankline protected
and for a distance of 100 feet back from the river. The acreage
thus developed together with other data used in estimating non-
Federal construction costs are shown in Table E-3.

44, The unit cost of river access sites proposed in paragraph E=36
is estimated to be $49,200 not including land costs which are esti-
mated to average $4,300 per site. Including indirect costs of 35
percent, each of the five sites has a comstruction cost of $71,000
distributed $213,000 in North Dakota and $142,000 in Nebraska.
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Table E-~2 MISSCURI RIVER BANK PROTECTION
ESTIMATE OF FEDERAL CONSTRUCTION COSTS

Ravegmente 27 _ Hardpolints __Flow iuntrol Siructure ¥ans_Diken
Structure “tfucture cture SEructurs

Klvet Kasch iangth Unfe lengeh Unit nRth Unit Length Unit 3
Dosnstragm of {L.Fi) Lot Bubtotal e Lust  Subtorml OuF.)  Cowt LTI Comt  Gubkotal Total Cumt ="
Fort beck bam 12,410 S90/LF 51,117,000 - - - - - 00 $50/LF 520,000 $1,137,800
fwrrimnn bam 53,800 SEO/LF §3,%4,000 30,100 SI0ALF 52,107,000 4,350 S7R/LF $11,000 - - - 4%, 786,000
Oahe Dam 1,050 SM/LP 5 22U,000 - -- - 200 S9I/LF 5 14,000 - - - $ 238,000
Fl. Randall Dam 8,80  STILF S Ma,mog" 1600 $94/LF 5 D4 G00 - -- -- - - .- S Tey,000
Gaving Polnt Dam 63,367 S61FLF  §3,209,000 23,895 $73/LF 51,792,000 16,200  $A2/LF 51,324,000 1,310 $307LY $176,000 58,505,000
Total

CommEruction 510,564,000 53,491,000 $1,677,000 $196,000 316,636,000

o, Sk (i2%) 1,268,000 409,000 201,060 24,000 1,972,000

Convinganciss {25%) 2,959,000 1,113,080 470,000 15,000 4,402,000
Crend Toral $14,795,000 §5,390,000 $2, 148,000 275,000 $23,008,000

i/ Includes composite, sandfill, windrow, and tres recards

I/ Omste cost of 7,680 Lines: feet of incermittent compomite revetwsnt abutting karl £, Munde National Wild1ife Refupe ($384,000)

3/ Rauch tatals including EsD, S6A, and contingencies sre: Farc Pack, $1,592,000; Garrison, §8,L01,000; Dahe, $133,000; Fort Randall, $1,075,000;
Gavine Paint, $11,907.000 J

Table E~3 MISSOURI RIVER BANK PROTECTION
ESTIMATE OF NON-FEDERAL CONSTRUCTION COSTS

Cp—————— - - - R

- . - - ! ————
lecem River Reach :
Downa treasm Downstceam Downstreat Dowvnstream Downstream
of Fort Peck of Garrison of Csahe of Fort Randall of Gavina Point Total
Permanent Easement
Acras ' 518 13 13 647
Value/Acre $ 33 $ 400 $ 425 $ 425 $ 640
Cost k4,700 207,200 5,500 28,000 414,100 $669,500
Conetruction Accesa iy 1,500 20,700 [-Ted] Z,800 41,400 67,000
» Administrative Cost
for Acquisition 5,800 68,400 3,300 17,500 170,800 266,000
. Contingencies @ 20% 4,400 59,300 1,900 9,700 125,300 200,600
Total 26,400 355,600 11,500 58,000 751,600 1,203,100
'y Estimated at 10X of the cosc of permanent casement, ]

MAINTENANCE COSTS

45. The transition from Federal to non-Federal raintenance of
protective structures as discussed in Paragraph E-40 is shown in
Table E-4. Operation and maintenance costs for the five river
access points are estimated at $2,400 per year, per site, to be
borne entirely by the local aponsors,
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Table E-4 MAINTENANCE COSTS FOR BANK PROTECTION

Constr. Fed Maint Constr, Non-Fed
Placed by @ 5% of Assumed Maint @ 1% Total
Year lst of Yr Constr By Sponsor Of Constr. Maint
1 0] 4] 0 0 0
2 4,601,600 230,100 0 0 230,100
3 9,203,200 460,100 G 0 460,100
4 13,804,800 690,200 0 0 690,200
5 18,406,400 920,300 0 0 920,300
] 23,008,000 1,150,400 4,601,600 46,000 1,196,400
7 0 1,150,400 9,203,200 92,000 1,242,400
8 0 1,150,400 13,804,800 138,000 1,288,400
9 0 1,150,400 18,406,400 184,100 1,334,500
10-2] 0 1,150,400 23,008,000 230,100 1,380,500
22 0 920,300 0 230,100 1,150,400
23 0 690,200 0 230,100 920,300
24 0 460,100 0 230,100 690,200
25 0 230,100 0 230,100 460,200
26-50 G G 0 230,100 230,100
Avg Ann ‘
Equiv @ 6-3/8% 713,100 146,100 859,100
Hydro-Power

46, The selected plan consists of

ating units to the main stem dan system on the Missouri River to

the addition of five new gener-

increase the installed capacity by 457 megawatts and the development
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of a pumped-storage facility adjacent to Lake Francis Case to pro-
vide 1,180 megawatts of peaking capacity. Because of the close
association between design and operation and the environmental
effects of the plan, discussion of those effects is removed in this
discussion from its normal sequence so that the stage may be prop-
erly set,

Plan Description
47. The primary components of the hydro-power addition consist of:

® A new two-unit powerhouse adjacent to the existing two power-
houses at the Fort Peck Project, Montana, together with appurtenant
features and including & reregulation dam and reservoir eight miles
downstream from the new powerhouse. Each of the two existing flood
control tunmels would be modified to accommodate a turbine~generator
uit with a nameplate capacity of 92.5 megawatts for a total ad-
ditional installed capacity of 185 megawatts. The aggregate capa-
city at the Fort Peck Project with the addition would be 350 mega-
watts. The new powerplant would also include miscellaneous acces=-
s0ry equipment, switchyard expansion, and tailrace. The hydraulic
capacity of the Fort Peck Project powerplant would be increased to
32,600 cubic feet per second.

® A westward extension of the existing Garrison Project, North
Dakota, powerhouse to include two modified flood control tunnels
which would accommodate one 80-megawatt turbine-generating unit each
and one modified flood control tunnel which would accommodate ome
112-megawatt turbine-generating unit. Included in the plan is a re-
regulation dam and reservoir about 10 miles downstream from Garrison Dam,
The Garrison Project aggregate power capacity would be increased to 672
megawatts with the 272-megawatt plant addition. The powerplant addition
would also include miscellaneous acceggory equipment, and a southward
extension of the existing switchyard. The hydraulic capacity of the
Garrison Project powerplant would be increased to 70,300 cubic feet
per second.

® A 1,180-megawatt pumped-storage powerplant adjacent to Lake
Francis Case, located about three miles south of the Platte-Winner
bridge in Gregory County, South Dakota, The pumped-storage facility
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would consisi of a leveed-forcuvay with an active storage capacity
of 46,800 acre~feec; a l.G-mice long, 30-fsot diaveter, underground
power conduit; a puwerhouse w_tn three 3Y4-uepgawatt reversible punp=-
turbive units; and a 3,000-foot long trapezoidal-shaped tailrace
sectiom. The projoct would develop an averape pross head of 711
feet ‘or peacing capacity. Ucilizatlon of the reversible turbines
to 1i 't water for wunicipal and agricultural use to the forebay for
ultimite distribution te town: and farws in and near Cregory County
could be included as an anciliary function of the project. Perhaps
one-half percent of tlie active forebay storage would be required to
meet votential daily irrigation and munieipal needs. The forebay
operaicing range would be 61 foet per week and the afterbay (Lale
frauncis Case) operating range would seldom exceed 30 feet per vear.
Hdasciimum discharge during genecation periods would be 24,740 cubic
feet rer second and pumpback dischargce would be 10,490 cubic feet
per sccond,  SYhe forebay leve: vould be about 49 feet in average
aeipghe and 30,130 feet in lenth. ‘The watar surface area of the

foreb.y would be 1,135 acres.

48, Plates showing the location, lavout ad other pertinent data
are referenced by project in chie section on desipgn of hyvdro-power

facilities.

Evaluated Accomplishments
* 49, In addition to an excess of benefits over costs in the ratio
of 1.0 to 1, as decailed in Section F, the plan also:
® Contributes to the national economy in the amount of
566,000,000 a year as neasured by the alternative cost of gencration,
® adds 1,637 megawatts Lo the installed capacity in the region
served hy MARCA, thereby satisfying four percent of the increase
estimated to be necessary by 1G94,
® Increases officiency in use of therunal resovurces by obviat-
ing o.l-fired turbines, permi.tinp substitation of base-loaded
plants using less scarce and costly coal aad lignite,
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® Affords the potential to 1ift water 700 feet for consump-

tive use in the plateau area adjacent to Lake Francis Case,

Other Effects

10, Aside from environmental effects, the identified consequences
of this plan element over and above its intended accomplishments in-
volve employment, recreation and water intakes, The selected plan

will not significantly affect hunting or trapping,

REGIONAL EMPLOYMENT

51, An estimated 1,810 persons will be directly employed during
the construction period, requiring expansion of existing community
facilities. About 60 permanent workers in semi-skilled jobs will
be added in areas which have experienced chronically high unemploy-

-

ment,

PRIME OR UNIQUE FARM LAND

52, As measured by total dollars expended, land conversions from
existing uses to Federal management comprise a very small portion
of the recommended hydro-power plan. Nonetheless, some acquisitions
of private land will be necessary,

® 1,650 acres at Gregory County for operational purposes.,

® 2,305 acres at Garrison for operational purposes,

® 270 acres at Garrisen for mitigation of 180 acres of
terrestrial habitat inundated by the reregulation pool,

® 1,290 acres at Fort Peck for operational purposes.

® 480 acres at Fort Peck for mitigation of 200 acres of
terrestrial habitat to be inundated by the reregulation pool.

53. In response to a Criteria Memorandum of 30 August 1976 issued
by the Council on Environmental Quality, it was necessary to as-
certain whether any of the proposed land acquisition falls into the

category of "prime or unique," farmland. Telephone consultations
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were held with U, S. Department of Agriculture offices at Huron,
South Dakota, Biasmarck, North Dakota and Wolf Point, Montana; the
congensus was that lands considered for this plan do not fall

within the intent of the 30 August memorandum.

RECREATION DOWNSTREAM OF FORT PECK

54. About 48,000 existing recreation days would be directly af-
fected by the Fort Peck reregulation reservoir; however, about 80
percent or about 38,000 recreation days can be retained by proposed

recreation redevelopment, conaisting of boat ramp and access facility

replacement. The remaining 10,000 recreation days are presumed to
occour at alternative locations due to the changed conditions. New
vigitation would very likely be generated by the reregulated stream
and redevelopment facilities and these losses could be offset by
this new visitation, Insufficient data on recreational use along
open river reaches preclude an analysis of the effect regulated
flows would have on existing visitation; however, the recreational
attractiveness of the open river reach should increase since flows

will be regulated.

RECREATION DOWNSTREAM OF GARRISON-
55. About 141,000 recreation days will be affected by the Garrison

reregulation reservoir, About 90 percent or 127,000 are considered

retainable as project visitation through facility redevelopment be-

low the reregulation dam, Ten percent are presumed to occur at
alternative locations due to changed conditions. New visitation

may develop due to the regulated stream and the redevelopment facllities,
An increase in visitation to the neighboring Knife River Indian Vil-
lages National Historic Site may occur after recreation redevelopment.
The presence of the National Historic Site will significantly couple~
ment the new downstream recreation opportunities,

WATER INTAKES
56, In the 190-miie reach between Fort Peck Dam and the headwaters
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of Lake Sakakawea there are 108 pumpas or pump sites intended for
obtaining water from the Missouri River. Irrigation of individual
farms account for 92 of the units, one is for industrial supply and

15 are for domestic supply. Of these, the one industrial user, ten
irrigation users and six domestic users will be within the 8-mile
rersgulation reservoir reach. Detailed studies during the design
phase would be undertaken to determine a site by site evaluation of

the individual intake requirements and the necessary remedial measures,
if any, that should be implemented. Improvement of river flows down-
stream over existing conditions should result from regulation or oper-

ations, thus benefiting all or most of the remaining 91 pump sites.

57. In the 83-mile reach from Garrison Dam to the headwaters of

Lake Oahe there are 37 pumps or pump sites intended for taking water
from the Missouri River. Irrigation of individual farms accounts

for 28 of the units, five are industrial water supply, three are for
municipal supply and one serves an organized irrigation district,

Of these, only one user, an irrigation pump site, would be within

the 10-mile Garrison reregulation reservoir reach, Remedial measures,
if any, and the extent individual sites are affected would be deter-
mined during the detailed design phase,

Design

58. This section containa information on the hydro-power facilities
themselves, on relocations and rights-of-way, on foundation conditions,

and on mitigation requirements.

59, A design consideration even more important than installed capa-
city in assessing the accomplishments of a hydro-plant, including

its very feasibility, is the dependable capacity ~ which the Federal
Pover Commission has defined as the load-carrying ability of a sta-
tion or system under adverse conditions., Paragraphs B-99 and B-100
identify this adverse condition for the main stem system as August

of 1933. Reservoir elevations which were developed in a series of
system operation studies and printed in MRD Publication - Main Stem
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Ramervolr Regulation Studies, Series I~74 were used in determining

the dependable capacities at Fort Peck and Garrison which are given

in table E-5 and E~6, A different procedure applies at Gregory County;
it 18 deseribed under Gregory County.

HYDRO-POWER FACILITIES - FORT PECK

60. The original construction of Fort Peck included four flood con-

trol tunnels with intakes located in the right abutment about 2,000
feat upatream of the axis of the dam. Main control shafte had two
concentric conduita, ac that water from the intake tunnel flowed up-
watd in the outer tunnel, through ports In the cylinder gates and
down the ihner condult to the discharge tumnel., Tunnels one and two
have already been modified by removing the inner shaft and now serve
the two existing power plants. Similar modifications will be made to
Tunpels three and four, which will then serve Powerhouse No, 3, Peak
discharge through each tunnel will be about 8,700 cfs. Sverdrup and
Parcel's 1973 report found that surge tanks on the additional units
are not needed if governor times are held to 60 seconds and the units

are basewloaded, leaving Powerplants one and two to swing with the load.

6l. As shown on Plate E-36, Powerhouse No. three will be locatrd
about 200 feet northwest of Powerhouse No, two, which is unable to
accommodate the new units due to lack of space and soill stability
problems which make excavation risky. In addition to accommodating
Tunnels three and four extended to permit proper alinement and spac~
ing of two Francis turbines, the new powerhouse will contain mis-
cellaneous accessory equipment, a 230 KV switchyard expansion and a
tailrace, all shown on Plate E«~37. The new powerplant will be operated
from the control room in Powerplant No, One. Pertinent hydraulic and

hydroelectric data are summarized in Table E-5.

62, The reregulation structure and its upstream pond, shown on
Plate E~38, were designed to minimize discharge varfation in the river
downstream during operation of Fort Peck as a peaking plant. The weekly
discharge pattern which contributes most to meeting the region's peak
AppéRdix 1
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load is one of full output to the extent permitted by the water
supply with a shutdown to zero during the remaining off-peak hours,
To achieve complete regulation 1£ would be necessary to have enough
storage available between the reregulation structure and Fort Peck
Dam to maintain a uniform downstream discharge during the longest
peried of zero powerplant release which would occur during any

weekly cycle.

TABLE E-5 PERTINENT DATA ADDITIONAL HYDRO-POWER AT FORT PECK

Item Description Item Description

Critical Head-Net avg 148

Head Losses (approx) 20" Full Gate Discharge

Critical Head-Gross 168" Existing 15,200 cfs
Full Gate Tailwater 2040" msl With Additions 32,600 cfs
Critical Elevation 2208" msl 1Installed Capacity

Aug 1933 Elevacian'l/ 2221" msl Existing 165 mw
Tunnels converted 2 With Additions 350 mw
Converted diameter 22'g" Dependable Capacity

Additional Turbines 2 Prancis Existing 184 mw
Additional Generators 2092.5 mw With Additions 380 mow

1/ Elevation which determines dependable capacity

63, Since there are physical limitations on the volume of re-
regulation storage available, something less than complete reregu-
lation must be accepted for some peaking schedules. On the other
hand, an abundant water supply necessitates discharge during off-
peak hours, making a five-day generating schedule unnecessary,
Conditions limiting the available reregulation storage are:

® The maximum water surface elevation which will not cause
undue flooding in the eight-mile storage reach,

® Allowable reduction in power head due to high tailwater

elevation,
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64, The normal tailwater for 32,600 cfs at the dam 18 2039,0 feat
msl and this elevation is also about 1,0 foot below the average
flooding elevation for the adjoining lowland, hence it was assumed
to be the maximum ponding elevation. At this elevation there are
approximately 20,000 acre-~feet of storage avallable for reregulatiom,

65. Either vertical 1lift gates or tainter gates appear feasible
for the regulation structure; final selection will be made in post-
authorization studiea. Automated gate operation with continuous
sansing of the pool and tallwater levels will be employed to main-
tain uniform digcharges thfoughout the range of changing water
leveis. The gate sills will be placed at the riverbed elevation to
afford maximum utilization of available storage. Gate guides and
walkways would extend gbove maximum flood elevations sc gates could
be raised above the expected flood crest to reduce the hydrostatic
overturning forces on the structure. Figure E~9 shows the general
arrangement of vertical 1ift gates for the Fort Peck reregulation

structure,

RELOCATIONS, MODIFICATIONS AND RIGHTS-OF-WAY - FORT PECK

66, Construction of the reregulation dam approximately eight miles

dovmstream will require the purchase of 1,290 acres now in private
ownership and removal of two farm buildings. An additional 480 acres
are recommended for acquisition to mitigate wildlife habitat inun-
dated by the reregulation pool. Relocation of the tailrace recreation
facilities downstream to Federal lands in the reregulation dam tail-~
race can be accomplished without acquisition of additional land; no

road relocations are anticipated.

FOUNDATION CONDITIONS - FORT PECK
67. Paragraph D-148 identified the existence of stability problems

at Fort Peck; they created considerable difficulty during construc-
tion of Powerhouse No. 2, Soldier beams were installed, then small

cells were excavated and cross-braced; construction in one cell was
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Figure E-9 FLOW CONTROL STRUCTURE - FORT PECK REREGULATION DAM
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built back before adjacent cells were excavated, Even with these
precautions, some slides developed. Excavation for the recommended
two-unit plan must accommodate a slab elevation of 1977 mel, 19 feet
below that for fouerhouae No. 2. An alternative design in Sverdrup
and Parcel's 1973 report requires excavation only to a depth of 1991.
This is accomplished by installing two small turbines per tumnel

rather than a single larger unit,

68, Prior to detailed study of the geological conditions, it has
been assumed that ae a minimum the four-unit scheme could be built
utilizing restraints similar to those employed in the successful
completion of Powerhouse No. 2. If the geology proves less favor-
able, some newer ifonovations may have to be adopted such as drill-
ing~in large dlameter piers surrounding the deeper areas of the
draft tube; the sump might also have to be a drilled hole. Detailed
study of various laycuts and construction schemes will be necessary
before a final choice is made between two~unit and four-unit design.
Such study must include determining the change in the exiating
stresses with depth, the location of existing bentonite seams,
slickensides, gouge zones, etc. Because these explorations have to
be done in water and in an area of fluctuating tailwater, the pro-
gram goes beyond survey report scope and is proposed for accomplish-

ment during preparation of the Phase 1 Design Memorandum,

69. Although all of the detailed economic analyses made in this
report are based on the two-unit concept, the four-unit design is
economically feassible. Project cost would rise about ten percent
and the benefit-cost-ratio would decline from the preseamt 1.5 to

become 1.4.

MITIGATION - FORT PECK
70. At Fort Peck, mitigation of fish and wildlife resources, and
particularly habitat, will consist of restricting the adverse effect

which reregulation pool fluctuations would have 1f transmitted to
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the dredge cut lakes west of Highway 249; protecting Duck and Scout
iglands from damaging erosion from increased velocities; and com—
pensating for inundation of more than 200 acres of terrestrial
habitat, The reregulation reservoir itself is, of course, the

most extensive and expensive mitigative measure of all.

71.  About 643 acres of dredge cut will be isolated from the re-
regulation reservoir by a reinforced concrete box culvert with slide
gate, The gated structure consists of a 150 foot & by 4 culvert
with manual gate controls to allow regulation of water exchange be-
tween the dredge cuts and the reregulation reservoir, A portion of
the existing opening under the Highway 249 bridge:uill be replaced
with the 4 by 4 structure and appropriate earth fill, Whenever
fresh water is required in the dredge cuts the gate will be opened
while reregulation reservoir levels exceed the dredge cut level,
Drainage of the cuts can be accomplished during low reregulation
reservoir levels., Because of elimination of fish movement between
the dredge cuts and the reregulation pool, fishery management of a
self-sustaining population through chemical rehabilitation, stock-
ing and prevention of rough fish passage will be investigated during
design phases.

72, Scout and Duck islands are being used by wildlife. Continuing
reregulation pool fluctuations coupled with water movement in the
river channels adjacent to the islands could cause significant
erosion of the islands. As shown on Plate E-39, this will be coun-
tered by placement of riprap at points of attack by high velocities.
The unprotected banks of the islands will eventually adjust to a
stabilized beach slope under the action of fluctuating water levels.
Although an increase in the groundwater level on the islands will
cause some changes in habitat type, such changes are not expected

to be repellent to Canada geese, white-tailed deer and other wild-

1ife species now using the islands.

73. More than 200 acres of terrestrial habitat, consisting of shrub
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grassland, woodland, savamnnah, marsh and farmland will be inundated
by the reregulation pool. These habitat typess were identified and
evaluated by a team of biologists which represented Montana, the U. S,
Fish and Wildlife Service and the Corps of Engineers. In this re-
port, however, the Corps of Engineers has not found farmland to be

a limiting habitat type in the general area of the reregulation

pool; consequently, mitigation of adversely affected terrestrial
habitat will be limited to fee acquisition of woodland, shrub grass-
land and savannah downstream of the reregulation dam -~ about 240
acres on the right bank and 240 acres on the left bank. These lands
will be protected from cattle grazing by the use of fencing where
necessary and the shrub grassland will be interseeded with native
grass species to increase its value to wildlife., The amount of land
recommended for terrestrial wildlife mitigation is based on the
proposition that habitat type lands similar to those being inundated
will be acquired, and that the lands' existing value will be signifi-
cantly increased by outgrant of the land for management by the State '

and by development features being recommended.

14, Nesting platforms could be installed on Duck and Scout islands
and on lands being acquired for the reregulation pool, should in-
creased Canada goose production be desired by Montana and the Fish
and Wildlife Service. The General Plan, which is an agreement be-
tween the Secretary of Army, Secretary of Interior and State wild-
1life agency, as specified by the Fish and Wildlife Coordinatien Act,
will addresa the specifics of wildlife managemznt;

75. Boating access to the dredge cut lakes will be prevented by

the gated structure in the Highway 249 bridge site., To replace it
another boat ramp, including road access, parking area, sanitary
facilities, and boat dock will be provided at the dredge cut. Public
use of the Fort Peck tailrace will be relocated to the reregulation
tailrace. Boating access (interior roads, parking, sanitary facili-
ties, ramp and docks) will be provided at the reregulation tailrace.
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HYDRO=-POWER FACILITIES -~ GARRISON
76, The outlet works at Garrison presently conslsts of a reinforced

concrete intake structure at the upatream toe of the dam and three
concrete~lined tunnels leading to the outlet stilling basin at the
dovmatream toe of the dam., Conversion of these facilities to
accommodate additional hydro-power units can be done by adding steel
tunnal liners direct-embedded and backfilled with concrete, The
embedded liner will transmit a portion of the hydrostatic force to
the funnel wall, reducing the required steel thickness and resulting
cost, Tunnels 7 and 8 will take 20-foot diameter liners and Tunnel 6
will take a 24~foot linef. '

77. The three additional Francis turbines will be housed in a
wegtward extension of the exiating powerhouse, The location is
shown on Plate 40 and the general layout on Plate 41, Rated
capacity of Tunnel 6 will be 12,700 cfs; Tunnels 7 and B will dis-
charge 8,800 cfs. As at Fort Peck, surge tanks are not proposed

for the additional units; instead governor deuign will confine rapid
load changes to the existing units. Pertinent hydraulic and hydro-
electric data are summarized in Table E-6.

TABLE E-6 PERTINENT DATA ADDITIONAL HYDRO-POWER AT GARRISON

_ Item Description Ltem Description
Critical Head-Net avg 131"

Head Losses (approx) 15* Full Gate Discharge

Critical Head-Gross 146" Existing 40,000 cfs
Full Gate Tailwater 1682' msl With Additions 70,300 cfs
Critical Elevation 1828' msl 1Installed Capacity

Aug 1933 Elevation b 1815" msl Existing 400 mw
Tunnels Converted 3 With Additions 672 mw
Converted Diameter 1@24' 2620' Dependable Capacity

Additional Turbines 3 Francis Existing 378 mw
Additional Generators 1@112mw 2@80mw With Additions 598 mw

1/ Elevation which determines dependable capacity.
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718, The reregulation structure and the attendant reservoir, shown
on Figure E-10, were designed to minimize the discharge variation in
the river downstream during peak power operations at Fort Peck.
Unlike the Fort Peck reregulation structure, the volume of reregu-~
lation storage available and the high peak flows at Garrison pre-
cludes & weekly operation with reduced generation on week-ends,
Rather, the Garrison reregulation structure is designed for daily
operation, Conditions which limit available storage ineclude the
wmaximum water surface elevation which will not cause undue flooding
in the ten-mile storage reach and allowable reduction in power

nead due to high tailwater stages., The approximate elevation -

1662 ~ was assumed as the limiting elevation for maximum ponding
#isvation, The gross storage available at this elevation is approxi-

aately 30,000 acre-feet,

79. Either vertical 1li1ft gates or tainter gates appear feabible
for the reregulation structure. The final selection will be made
in post authorization studies, Refer to paragraph E«67 for further
information., Figure E-1]1 shows the general arrangement of vertical

1ift gates for the Garrison reregulation structure,

RELOCATIONS, MODIFICATIONS AND RIGHTS-OF-WAY - GARRISON

R0, Construction of the reregulation dam about ten miles downstream

will require the purchase of 2305 acres in private ownership. An
additional 270 acres are recommended for acquisition to mitigate wild-
life habitat inundated by the reregulation reservoir. An existing
boat ramp in the reregulation reservolr area will be removed and a
new ramp, including parking and sanitary facilities, will be con-
structed downstream of the reregulation dam without acquisition of
additional land.
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Figure E-10 GARRISON REREGULATION RESERVOIR
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Figure E-11 FLOW CONTROL STRUCTURE
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81, Garrison Dam National Fish Hatchery ia located on the left
bank immediately below the dam and adjacent to the tailrace as shown
in Figure E-12, When filled or nearly filled, the reregulation
reservoir would prevent the operation of emptying the rearing ponds
unless remedial measures were taken. To do this, a drainage way

and ponding area will be formed by placement of low earthen levees
flanking the present drainage ditch which lies about 500 feet west
of the hatchery,

82. About 3,000 feet of levee averaging about five feet high
along each side of the drainage way are required, together with a
corrugated metal pipe and flapgate at the entrance tb6 the river,
The flapgate will protect the existing lower catch basin dralnage
facilities with an invert elevation of 1680,3 from backflow when
the pool elevation peaks at up to 1685 feet mal. The drainage way
would provide sufficient storage for retention of catch basin flows
for periods up to ten hours release. Whenever pool levels drop to
less than 1680 feet msl the drainage way will automatically drain
into the river. The low levee will be seeded to blend in with the

surrounding landscape.

FOUNDATION CONDITIONS ~ GARRISON
83. The only issue to date has been the effect fluctuating stages

may have on the water table in the vicinity of the fish hatchery.
As stated in paragraph D-175, this analysis will be part of ad-
vanced design, Soil transmissivity tests to enable accurate pre-
dictions of ground water behavior in response to fluctuating pool
elevations will be made during advanced design stages, Subsurface
soll tests will be run during this period to determine specific
foundation conditions in the vicinity of the reregulation dam site.
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Figure E~12 FISH HATCHERY MODIFICATION - GARRISON DAM
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MITIGATION - GARRISON
84, The reregulation structure at Garrison will confine the ad-

verse effects of stage fluctuation to the reregulation pool. The
reregulation reservoir will inundate approximately 180 acres con-
sisting of sand bar, hardwood forest, savannah and open herbaceous
areas, Another loss of approximately 20 acres will result from bank
slope adjustment. These habitat types were identified and evaluated
by a team of biologists which represented North Dakota, the U, S.
Fish and Wildlife Service and the Corps of Engineers. In this report
the Corps of Engineers has not found farmland or non-vegetated sand
bars to be a limiting habitat type in the general area of the reregu-
lation pool; comsequently, mitigation of adversely affected habitat
will be limited to fee acquisition of approximately 270 acres of
habitat similar to that described above with the exception of farm-
land and non-vegetated sand bar. An existing boat ramp would be
replaced with a new ramp constructed downstream from the structure

along with sanitary facilities and parking facilities.

HYDRO-POWER FACILITIES - GREGORY COUNTY
85, Principal elements of the Gregory County Pumped—-Storage Project

consist of a forebay, power tunnel, powerhouse and discharge channel
shown on the location map, Plate E-42., Forebay storage of 47,100
acre~feet of which all but 300 acre-feet is active lies within a
levee 30,100 feet long and an average of 49 feet high. An impervious
liner about three feet thick will prevent seepage out of the forebay
bottom; alterﬁatively, a slurry trench cutoff to impervious atrata
may be used depending upon further geologic exploration., The fore-
bay levee has a 15-foot crown width, and side slopes of | on 3 for
the top 30 feet of height flattening to 1 on 5 and 1 on 7 on the
landward side as dictated by topography and 1 on 5 and 1 on 10 on the
reservoir side. The reservoir side of the levee is lined with eight-
inch bedding material and 20-inch riprap along the 1 on 3 side alope
area while the 1 on 5 slopes are lined with eight-inch bedding and
17=-inch riprap. An inclined vertical pervious drain and a horizontal
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pervious drain permit collection and disposal of seepage flows through
the structure. Material for the levee embankment will come from

tailrace excavation and forebay collector channel excavation.

86. A collector channel directs flows to a cylindrical lift-gated
intake in the forebay, as detailed on Plate E-43. From there, a
30-foot diameter steel-lined power tumnel, 8,500 feet long, leads to
the powsr house and a manifold of three l7-foot tubes supplying three
turbine generator-units rated at 393.3 megawatts each. Each can be
reversed to serve as a motorized pump, Peak generating discharge

18 24,700 cfs at a velocity of 35 feet per second; pumping capacity
is 16,500 cfs, Plate E~44 presents plan and section views af the
powerhouse. The afterbay discharge channel, shown on Plate E~45, is
3,000 feat long, with a bottom 120 feet wide and 20 feet below the
winimm pool elevation of 1310 msl,

87. As shown on Figure E-13, the gross head available at the

Gregory County site ranges from 771 feet (ignoring the two~foot effect
of tailwater) when the forebay is full and Fort Randall is at minimym
pool to 645 feet when the forebay is empty and Fort Randall's exclusive
flood zone is filled. Neither of these extremes will prevail during

a significant part of the time; together they account for less than
one percent of Fort Randall's pool duration. A typical operation,
consisting of Fort Randall elevation of 1352 and a mid-week Gregory
County elevation of 2050, produces 698 feet of groas head. Dependable
capacity was established with the forebay at minimum elevation and,
Fort Randall at the base of exclusive flood control, again an event

of less than one percent duration, Critical head is 711 feet, Perti-

nent data are summarized in Table E~7,

RELOCATIONS, MODIFICATIONS AND RIGHTS-OF-WAY - GREGORY COUNTY
88, Construction of the Gregory County pumped-storage project will

require acquisition of 1,650 acres now in private ownership and the

removal of seven sets of farm buildings. Road and power tunnel
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Figure E~13 PUMPED STORAGE SCHEMATIC VIEW ~ GREGORY COUNTY
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right-of-way total 165 acres, the power house and talirace, although
largely eituated on project lands, require an additional 70 acres

and the remaining 1,415 acres make up the forebay area.

TABLE E-7 PERTINENT DATA GREGORY COUNTY SITE (River Mile 918)

_ Item Description
Total Lands Required 1,650 A
Forebay Water Surface 1,155 A
Gross Storage 47,160 AF
Active Storage 46,800 AF
Levee Length 30,100'
Levee Height, Avg. 49
Maximum Forebay Elevation 2,081 mal
Minimum Forebay Elevation 2,020 msl
Tunnel Size 1 @ 30"
Manifold 317!
Turbine Capacity 24,700 cfs
Pump Capacity 16,500 efs
Draft Tube Velocity

Generating 8.3 fps

Pumping 5.5 fps
Generators 3@ 393.3 mw
Installed Capacity 1,180 mw
Dependable Capacity 1,080 mw
Generation Period 9 hre/day 5 days/wk

1,000 hrs/yr

Pumping Period B.3 hrs/day wk-days

26 hrs on week-end

1,500 hrs per year
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FOUNDATION CONDITIONS ~ GREGORY COUNTY
89, Surface soil deposits at the forebay site consist of yellow-

ish brown, loessial loam (silt and fine sand). Shallow eolian de-~
pressions are common features in the area. Neither the thickness

of the loess nor top of rock elevation have been determined by sub-
surface exploration. No rock outcrops or glacial erratics were ob-
served at the site, which is relatively flat with elevations ranging
from about 2030 to 2070 feet msl, Rock outcrops (Ogallala formation)
were observed in a re-entrant, about a mile south of the site, as
discontinuous ledges from about elevation 1980 to 2000 feet msl.

It is not known whether the Ogallala remmnants are present under the
site. Borings will be necessary to determine the loess thickness,
the geologic origin and distribution or overburden materials below
the loess, and the engineering properties of overburden materials.
Unconsolidated deposits in addition to the loess could consist of
glacially derived materials, post-Ogallala deposits from a western
source, or residuum. Until further exploration is completed, the
soils underlying the forebay site are considered moderately permeable
to highly permeable.

90. The bluffs forming the side slopes of the Missouri River Trench
are highly dissected by steep ravines extending up to several miles
into the plateau. The resulting fringed topography between the
plateau and trench is frequently referred to as 'the breaks," Soil
deposits in the Missouri River Breaks and Trench were not examined
but are considered to be recent colluvial and alluvial stream and
lake deposits. Some glacial outwash sediments may be present in the

trench; however, they have not been differentiated in this area.

91, The following generalized stratigraphic column of Pre-Pleisto-
cene rock units was developed, based on field reconnaissance of the
Gregory County site and pertinent geologic maps:

® Remnants of what is believed to be the Ogallala formation
were observed about a mile south of the forebay site., The sandstone
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and quartzite of this formation form erosion-resistant cap rocks
over the Iona and Bijou Hills just north of Gregory County, as well
as some of the highar elevations southwest of the Missouri River in
Gregory County. As observed near the project site, the rock is an
olive colored, hard, dense, fine-grained, siliceous sandstone with
siliceous cement. Its presence and extent under the forebay site
are unknown. It is believed to exist between approximate elevations
of 1980 feet msl and 2000 feet msl,

® Pierre shale forms the "breaks" from elevation 1980 feet msl
te lake level or about 1340 feet msl. It is generally a dark gray,
easily erodible, clay shale with many layers of bentonite. The for-
mation generally breaks down rapidly upon exposure due to its sensi-
tivity to stwospheric conditions and tendency to swell and become
piastic when wet, Subsequent drying causes shrinkage cracks, slaking
and detarioration. It is highly susceptible to both aqueous and
eolian erosion on slopes bordering Missouri River trench., Aerial
photographs of the project site show a pronounced N 500 W anomalous
eolian orientation of minor drainage features in the shale. Various
types of landslides, creep, and mass wasting are also typical of the
Pierre formation, due to its inherent weakness and the physical and
chemical characteristics of the bentonite clay in the formation.
The unweathered shale is firm and compact where it is not exposed or
subjected to increased moisture content. The main tunnel would be
constructed through the full section of the shale.

® The top of Niobrara chalk is estimated to be at elevation
1340 feet mal, The exposures observed generally consist of massive,
competent, gray and white chalk. High angle jointing exiats in the
formation, but joints are relatively tight except where weathered
near exposed surfaces. Wave action and lake fluctuations cause
solutioning along joints near the lake level., Weathering of exposed
chalk slopes tends to be moderately slow, The chalk is considered
an excellent foundation for large structures - yet it is soft enough
for machine tunneling, Landslides and mass wasting, typical in the
Pierre shale along the Missouri River trench, should not affect the
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Niobrara chalk at the project site, The bottom of the chalk is esti-
mated at 1195 feet msl based on the thicknesa of 145 feet near the
Fort Randall Dam,

® Carlisle shale underlies the Niobrara chalk, The thickness
of this material is unknown in the area and it is assumed that the
draft tube excavation may extend to near theltop of the formation.

92, Soils of the forebay site are considered permeable., An im-
pervious lining for the reservoir is considered necessary, Sources
of lining and embankment materials and subsurface conditions at the
forebay site will be determined by foundation explorations. Based
on present knowledge, the forebay reservoir site is suitable for

project requirements.

93. A sloping tunnel through the Pierre shale from the Powerhouse
to the forebay reservoir could encounter some stability problems
based on the nature of the material., Design studies may need to
consider an alternative of a horizontal tunnel in the Niobrara chalk
and a vertical shaft through the Pierre shale. Machine tunneling
would be less difficult in the chalk compared to the shale and un-
stable slopes which would result in the shale with construction of
the tunnel would cease to be a factor. The Powerhouse foundation
would be in the Niobrara chalk., Additional subsurface excavation
of shale at the toe of the bluffs along the Missouri River trench
could cause slope instability above the site.

MITIGATION - GREGORY COUNTY

94, No mitigative measures are recommended for the Gregory County

project except possibly for cultural resources. Specific needs in
that field will be determined during post authorization planning,

It is currently anticipated that data recovery through excavation
will be adequate mitigation, and that these needs will be relatively
minor in terms of both coat and scope,
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Construction

95. Material for reregulation dam embankments will come from the
reregulation reservoira, Material for the Gregory County forebay
embankment will be excavated from the tailrace and the forebay areas,
Estimated design and construction time at Fort Peck and Garrison is
10 years, with construction taking place 1ﬁ the last three, Gregory
County will need 13 years with five years of that for construction,

96, Post suthorization studies will include early evaluation of
foundation conditions at Fort Peck and at Gregory County and deter-
mination of the transmissivity of soils below Garrison, vhere en-
vironmental concern has been voiced over poasible increases in the
elevation of the water table. Model studles of Gregory County will
be made to define effects on lake bottom sediment deposits and ob-
servations conducted to substantiate the present conclusion that
pump back operations will have little fmpact on the lake fishing.
With these exceptions, few construction prohlems are expected, Re~-
locations are minimal; most of the necessary lands are already in
Federal owmership; conventional construction practices are antici-
pated. Design of a gating aystem for the reregulation structures,
which will provide automatic and reliable performance even under
sub~zero conditions, promises to be a challenging but attainable

task,

Operation and Maintenance

97. Operation and maintenance of the additional units will be in-
corporated into the on-going operation of the existing system, Daily
and longer operating targets are set cooperatively by the Corps and
the USBR, taking account of the water supply and the demand for
electric power, Maintenance receives similar consideration in the
scheduling of unit outages, Project operation during any particular
day is based upon a targeted quantity of release and generation with

hourly patterning as the power dispatcher sees fit,
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OPERATION « FORT PECK
98, Addition of a reregulation structure below Fort Peck will

contribite to flexibility of operation - enabling the project to
shut down completely during periods of low demand without detri-
ment to river conditions downstream, Figure E~-14 shows typical
operation of the enlarged plant with a subnormal, abundant and
intermediate water supply, indicating the range in which five, six
and seven~day operation may be expected, Table E-8 summarizes the
discharge reregulation that is posaible with 20,000 acre-feet of
storage, based on maintaining a uniform downstream flow during the
week, followed by a reduced but uniform flow during the week-end,
thereby creating a week-end "sag" in the discharge hydrograph,

Table E-8 FLOWS BELOW FORT PECK AS
REGULATED BY 20,000 AF

Weekly Reregulation

Average Days of Hours of Hours of Discharge Change in
Discharge Peaking Peaking Week-end During During River Stage

(cfs) Per Week Per Day Shutdown Week Week-end (feet)

5,000 7 3.7 20,3 5,000 5,000 0
5,000 6 4.3 43.7 5,000 5,000 0

5,000 5 5.2 66.8 5,900 3,600 0.8
8,500 7 6.3 17.8 8,500 8,500 0

8,500 6 7.3 40,7 9,400 5,900 1.1
8,500 5 8.8 63.2 11,450 3,800 .

15,000 7 11,0

L E R

99. During a typical week, with average diascharge at 8,500 cfs

and 8ix days of power generation the following cycle will take place.
On Monday through Saturday the powerplant will peak at maximuym
capacity of 32,600 cfs for seven to eight hours a day, dropping to
zero release for the remaining hours, Starting Saturday evening
there will be a no~discharge and no-generation for about 40 hours

Appendix 1
E-55




IFORT PECK POWER PEAKING RELEASES

Figure E-1é
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FORT PECK REREGULATION WITH AVERAGE WATER SUPPLY

Figure E-1%
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to complete the weekly cycle. On Monday morning the reregulation
pool will have a water surface elevation of about 2024 just below
the Fort Peck tallrace, declining to about elevation 202Q at the
reregulation dam. During the week the pool will experience a daily
sequence of moderate rise followed by slight drop culminating on
Saturday with a fiat pool elevation of about 2,039, The weekly
hydrograph of pool elevation, together with releases from the power
plant and the reregulation reservoir are preasented on Figure E~15,
At maximum elevation 2039 the reregulation pool will average 2,500
feet in width and 25 feet in depth. When the 20,000 acre-feet of
reregulation storage have been emptied, the remaining water surface
will average 800 feet wide and eight feet deep., At pool elevation
2039 lowlands adjacent to the present river channel and the channel

islands will be inundated, except for Scout and Duck islands.

100. Relaases through the reregulation dam will be uniform at about
9,400 cfs from Monday noon until Saturday evening at which time the
release will be reduced to a uniform flow of 6,000 cfs for the re-
maining 41 hours, thereby completing the weekly cycle. The week-
end "sag" from 9,400 cfs to 6,000 cfs will lower the river stage
about one foot just below the reregulation dam. A second example
of flow reregulation illustrating the effect downstream is shown on

Figure E-16.

OPERATION -~ GARRISON

101. Garrison daily release rates depend upon the water supply
available, the season of the year, and the power demand. Figure
E-17 shows typical hourly loadings for three levels of average re-
lease, 15,000 cfa, 22,000 cfs and 30,000 cfs, representative of a

summer weekend, a weekday after ice cover has formed, and a day of

high summer demand, Usable storage, can be develaped only upstream
of the Knife River and below a pool level of 1862 at the reregu-
lation dam; thus, 1t is limited to approximately 20,000 acre-feet.
This will result in less than complete re-regulation (that is, in some
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ELEVATION - FEET MSL

Figure E~16 DOWNSTREAM WATER SURFACE PROFILES - FORT PECK
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remaining fluctuation) throughout a considerable range of flows.

At 13,000 cfa daily average flow, complete reregulation will be ob~
tained; discharge from the reregulation structure will be 13,000 cfs
during every hour of the day even though the inflow pattern consists
of 70,300 cfs (peak genaration) for 4.4 hours and zero for 19.6 hours.
This complete reregulation can be obtainad for any average daily
release below 13,000 cfe and similarly for any average dally release
of 57,000 cfs or more, Between 13,000 and 57,000 cfs, the range of
fluyctuations is indicated by Table E-9, with a maximum of about 5 ft,

Table E-% OUTFLOW FROM GAKRISON REREGULATICN POOL

Daily Average (cfs) 15,000 22,000 30,000 48,000
Max, Outflow (cfa) 20,000 37,400 47,000 57,000
Min. Outflow (cfs) 13,606 15,000 18,300 34,000
Stage Fluctuation 1.4 4.0 5.0' 4,0'

{ijust below rereg dam)

102, Figure E-18a shows how the fluctuations associated with a
22,000 cfs average release (15,000 minimum to 37,400 maximua) de-
crease from four feet at the reregulation dam to 0.6 feet at mile
1340, In addition, it shows the downatream effect of loading the
existing powerplant to 40,000 cfs for 12 hours with zero discharge
for the next 12, An actual test was run on October 10, 1976, to
confirm computed routings such as Figure E~18a. The results appear

in Figure E-18b.

103. During the range of less than complete regulation, which
correasponds to a genmerating range of 4.4 hours per day wp to 19,6
houra per day, the reregulation pool will fill during the gener-
ating cycle to an elevation of 1682 at the downstream end, The
upstream pool elevation (present Garrison tailwater) will vary de~
pending on the slope asasocfated with the prevailing discharge rate -—
reaching a maxioum of 1683 to 1685, During the non-generating
period the reregulation pool level will decline, reaching elevation
1664 at the lower end and 1667 at the upper end.
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ELEVATION-FEET MSL

Figure E~17 GARRISON POWER PEAKING RELEASES
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OPERATION ~ GREGORY COUNTY
104. The Gregory County Pumped Storage project is designed to operul

ate on a cycle, with on-peak generation for nine hours a day, five
days a week and off-peak pumpback for about 8.3 hours a day on week-~
days and 13 hourg each on Saturday and Sunday. 1t is estimated by
the Federal Power Commission that a plant of this type will be
utilized about 1,000 hours yearly, resulting in an annual plant
factor of 11 percent. If needed during a critical period, the pro-
ject could generate continuously for 23 hours before pumpback oper-

ations had to be resumed,

105. When Fort Randall is alminimum pool (1310) the Gregory County
tailwater elevation will be 1312 during generation and 1309 during
pumping. Velocities within the Gregory County discharge channel
(Plate E-45) during the two operational modes at that elevation

will be 6.9 and 4,6 feet per second, respectively, At normal pool
levels, effects of the power plant on stage and velocity will be much
less. During the daily generation and pumping cycle the Fort Randall
pool will rige 0.24 feet then decline 0.15 feet for a net rise of
0.09 feet. Week-end pumping will offset the week's cumulative rise
by lowering the pool 0.60 feet in preparation for another cycle,

The cycle in the Gregory forebay will be a daily loss of 18,400
acre-feet followed by a gain of 11,300 feet for a net loss of

7,100 feet per day; a gain of 17,750 acre-feet per day on Saturday
and Sunday will refill the forebay,

Environmental Effects

106. The environmental impacts of Fort Peck, Garrison and Gregory
County are a direct result of the design and operation of those
projects and of certain mitigative measures such as the reregulation
structure and dredge cut control works at Fort Peck, in the abaence
of which different effects would have ensued. This subsection per-
force follows discussion of those elements; after the causes have
been documented environmental effects can be asgessged,
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ENVIRONMENTAL EFFECTS - FORT PECK
107, As mentioned previously, a team of biologists evaluated the

hagbitat below Fort Peck Dam using guidelines presented by the Joint
Yederal-5tate Conservation Organization Committee: Each of the five
terrestrial habitat types identified was given a value between 1 and
10, from poorest to beat possible on the basis of the food and cover
it offers to selected "key" species, Aquatic habitat received a
gimilar numerical rating based on biclogical physical and chemical
parameters, The results of inventorying the area of the Fort Peck

reregulation reservoir are shown in Table E-10,

108, The mitigative measures proposaed to prevent stage fluctuations
in the reregulation pool from being transmitted to the existing 643
acres of dredge cut lakes was discussed previously under Mitigation =«
Fort Peck, With the lakes thus isolated, recruitment of river fishes
will no longer occur nor will paddlefish be seasonally abundant. It
is estimated that isolation without future management would reduce
the habitat value in the dredge cuts by about 44 percent from their
present value of 8,3 wits per acre. With proper management practices

it is reasonable to assume the reduction will be less than 44 percent.

Table E-10 HABITAT VALUES FORT PECK
REREGULATION RESERVOIR

Approx. Habitat Value
Habitat Type Acreage Units/Acre

Aquatic (upstream of rereg, dam)

River 1350 8.3

Dredge Cuts 643 8.3
Aquatic (downstream of rereg. dam)

River - 8,3
Terrestrial

Area of Inundation 200 5.9

Area of Freeboard 700 5.9
Appéndix 1
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109, The eight-mile river reach with the reregulation pool also has
a present value of 8,3 units per acre. Because this pool will ex=-
perience fluctuations of eight to twelve feat per day as shown in
Figure E-15, fish population in the pool will be greatly reduced;
the reregulation structure will bar upstream migration except dur-
ing periods of flood flow. The fluctuations are also expected to
eliminate most of the benthos and other invertebrate production in
the reservoir area. From 8.3, the habitat value will decline to

perhaps one unit per acre.

110, Below the reregulation dam week-day stages will be virtually
constant to the extent that they are determined by Fort Peck power
plant releases. The Milk River contribution is, of course, uncon-
trolled, On week-ends a stage change up to 2-1/2 feet may take
place immediately below the reregulation dam, depending upon water
supply and operating requirements as shown in Table E-8. The acre-
age of tidal area which is now periodically inundated and exposed
will decrease, allowing further vegetation of these and increasing
their habitat value,

111, The reregulation reservoir may moderate the downstresm summer
temperature regimes. At present, only 17 fish species are rated as
being abundant or common in the tailrace area while 27 species are
rated as being abundant or common further downstream. Cold water
resulting from low level releases will be warmed in the relatively
shallow reregulation pool, encouraging additional specles below the
dam,

112, Approximately 200 acres of terrestrial habitat, including 50
acres of islands, existing within the proposed reregulation pool
will be lost due to inundation, erosion or bank slope adjustment,
The habitat values of the five types comprising this 200 acres are
shown in Table E-11, their weighted average value is 5.9 units per
acre, Terrestrial plants, insects and small mammals existing in
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the Inundeted area wili be loat, Beaver and muskrat populations
will show significant decreases while large mammal and bird popu~
lations may show slight decreases due to habitat reduction, Section
Mitigation ~ Fort Peck, page E~38, discusses measures recommended in
mitigation of the 200-acre loss.

113, Material used to construct the reregulation dam will come from
the area upstream, where habitat, which will be flooded by the re-
regulation pool, has a wildlife value of 5,9 (Table E-10), Miti~
gation for this loss is discussed in the mitigation section,

114, Although 50 acres of island area will be lost to erosion or
inundation, two 1slan&s of particular note will continue tao exist
after construction of the reregulation reservoir, Despite some
alteretion in the pattern of vegetal growth induced by undetermined
changes in the groundwater regime, Scout and Duck islands are ex-
pected to retain much of their present value, Presently, they are
heavily used by wildlife and on them the Fish and Wildlife Service
has established a nesting flock of Canada geese producing about 40
goslings a year, Mitigative measures to reduce erosive attacks on

these islands are discussed in paragraph E-74.

Table E-11 TERRESTRIAL HABITAT LOST
FORT PECK REREGULATION RESERVOIR

Habitat Percent .

Habitat Type Unit Value Composition
Shrub Grassland 6.3 15.7
Woodland 7.1 34.3
Savannah 4,2 9.6
Marsh 5.6 29.8
Cropland 4.1 10.6
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115, The possibility also exists that vegetal growth patterns

could be changed in the 700 acres of the freeboard zone (that area
from 0 to one foot above the maximum reregulation pool elevation of
2039). Poundation explorations to be conducted during the advanced
design stage will make possible an accurate evaluation of the effect
which the fluctuating reregulation pool will have on groundwater
levels, not only in the freeboard, but on Duck and Scout islands as
well, Meanwhile, as in the case of the islands, no net loss in

habitat value is anticipated because of changes in vegetation.

116, Duck Creek, a stream formed by seepage from Fort Peck Dam,
remains ice-free all year and is heavily used by wintering mallards.
During severe weather many of these birds starve or become seriously
weakened, Concentration such as this results in the potential for
outbreak of waterfowl diseases such as duck viral enteritis, which
can destroy entire local populations., The creation of a fluctuating

ice~-free reregulation pool could compound this problem,

EFFECTS ON CULTURAL RESOURCES - FORT PECK
117, Disturbance of the earth will take place during comstruction

of the reregulation dam and appurtenant features, Most of the
terrain to be affected consists of low-lying alluvial deposits which
can be expected to contain few undisturbed cultural resources., High
bank disturbance will occur in placement of the right abutment of

the dam, and is probable in the development of public and service
access facilities., Repeated inundation during operation of the re-
regulation structure will affect only low-lying lands adjacent to the
present channel below elevation 2039, and some steep banks near the
channel will incur accelerated sloughing until a new point of equi-
librium is attained,

118, The general area has a rich historical heritage and physical
traces of it are abundant, Preliminary reconnaissance investigations
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in the low lying alluvium downstream from the dam reveal the common
praesence of disarticulated bison bone, some of which represents ex-
tinct species, and fossails weathefed from nearby cretaceous deposits,
Pleistocene species including horse and mammoth could well be pre=~
sent but have not been found. Because of the annual flooding of

low valley lands in the historic paat; these arecas were unsuitable
for any extended human occupation. Functionally specific sites
which might loglcally occur in the bottomlands include kill sites
and the winter camps of nomadic hunters. Most of these were either
soon covered or destroyed by subsequent flooding,

119, The probability of locating undisturbed cultural resources
increases greatly along older and higher terraces and valley walls,
Sites representing any of the aboriginal peoples of the area from

the Paleo-Indian period to the present should be anticipated, in-
cluding peripheral elements of the Plains Village tradition, When
higher lands potentially affected by construction are more clearly
identified, these will be included in the cultural resources survey
at a later phase of study. Not more than one percent of project cost

would be attributable to archeological efforts.

120, No steamboat wrecks are known to exist in the affected area,
Wrecks of the Red Cloud, Butte, and Tacomy lie upstream, and the
Amelia Poe 18 several miles downstream, Historic sites in the
general area include Galpin (Galpin Village), thought to have been
destroyed in the construction of Fort Peck Dam, Dauphin's Fort at
the mouth of the Milk River, and the Lewis and Clark camp of May 8,
1805, Of these, only the vicinity of the lewis and Clark campsite
appears to be threatened by possibly significant adverse effect.

121, Effects on cultural resources in the approximately 40-mile
reach downstream from the reregulation dam are considered to be
uniformly beneficial. The ragulated flow would closely resemble
the slow-changing historic river flow and thus be compatible with
the historical environment. of sites within view of the water,
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ENVIRONMENTAL EFFECTS -~ GARRISON

122, The aesthetic effects of an extension to the west aide of the

existing powerhouse to house additional generators is judged to be
insignificant. Architectural design of the addition will leave it
aesthetically consistant with the older portion of the powerhouse,

As mentioned previoualy, a team of biologists evaluated the habitat
below Garrison Dam using guidelines presented by the Joint Federal~
State Conservation Organization Committee. Each of seven terrestri-
al habitat types identified was given a value between 1 and 10, from
poorest to best pogssible on the basis of the food and cover it offers
to selected "key" species, Aquatic habitat received a simflar
numerical rating based on "key" fish species, The results of in-

ventorying the area are shown in Table E-12,

Table E-12 EXISTING HABITAT VALUES - GARRISON
REREGULATION RESERVOIR

Approx. Habitat Value
Habitat Type Acreage Units/Acre

Aquatic (upstream of
rereg. dam)

River 2,200 4,5

Aquatic (downstream of
rereg. dam)

River - 5.7
Terrestrial

Area of Inundation 180 7.3

Area of Freeboard 1,659 7.3

123, The ten-mile river reach within the reregulation pool has a
value of 4.5 units per acre., Because this pool will experience
daily fluctuation of 12,5 to 13,5 feet, fish population in the pool
will be greatly reduced. These fluctuations will cause great stress
which will adversely affect individual fish and the fish population.
The reregulation dam will be an effective barrier against fish
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recruitment to the reregulation pool from the river downstream.
Fish reaching the reregulation pool by passing through Garrison Dam
will normally be small, 1f healthy, and will probably be only tem~
porary residents of the reregulation pool, being carried downstream
by the “flushing" action of thc water movemsnt through the reregu-
lation pool, The fluctuations are also expected to eliminate most
of the benthos and other invertebrate production in the reservoir
area. From 4.5, the habitat value will decline to perhaps one unit

per acre.

124, Under existing release patterns daily stage fluctuations are
8.5 feet at the reregulation structure, five feet ten miles down~
adiream, and three feet twenty miles downstream, The reregulation
atructure will veduce the fluctuation to 4~5 feet at the reregu-
lation structure, 2.5 feet ten miles downstream, and one foot twenty
miles downstream. These reductions represent an average stage
fluctuation decrease of approximately 50 percent., The acreage of
tidal area which is now alternately inundated and exposed will de-
crease, increasing the opportunity for establishment of semi-aquatic
rooted vegetation of these acres, thereby increasing desirable river-~
side habitat,

125. 1t 1s likely that short-term water retention in the reregulation
pool will moderate downstream river water temperature regimes which
could result in improved relative abundance of fish for a short dis-
tance downstream from the reregulation structure, However, this
effect remains to be quantified and qualified. The Garrison tail-
race supports a rather diverse variety of fish species as evidenced
by a l0-year creel census of the Garrison tailwaters conducted by
North Dakota and several "grab sample" gill nettings made by the FWS
in early winter of 1975. In addition to the minnow family, exclud-
ing the European carp, the creel census, supported in large measure
by the findings of the FWS nettings, recorded 30 fish apecies. With
respect to sport fishes, sauger, walleye, northern pike, white bass
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and channel catfish are most important, Goldeye appears to be

the most significant forage fish other than the cumulative impor=-
tance of the minnows., Little commercial fishing occurs in the
river today reflecting the general lack of significant numbers of
non-sport, commercial fishes, A conclusion made of the creel cen-~
8us data was that Lake Oahe has been the most important influence
on the fishery in the river below Garrison. For the most part,
however, forage fish species are indigenous to the river and are
not greatly influenced by Lake Oahe. The significant increase in
the numbers of northern pike taken in the Garrison tailwaters in
1964 and 1965 corresponds with the very successful northern pike
reproduction in Lake Oahe; several northern pike tagged in Lake
Oahe were recovered in the Garrison tailwaters., These data further
support the conclusion that Lake Oahe signficantly influences the
fish population in the open river below Garrison. Northern pike
also utilize tributaries of the Missourt River, such as the Knife
River, for spawning; thus, also influencing the fishery of the river,
Walleye numbers in the river appear tied to Lake Cahe. Creel data
show a significant increase in walleye beginning in 1968 - the year
that numerous gravel deposits along the Missouri River were inun-
dated by Lake QOahe. Such sites, it is believed, served as spawning
sites for walleye. Again, this supports the conclusion that Lake
Oahe is a significant influence on the river fishery. Sauger numbers,
on the other hand, showed little overall change during the 10-year
creel census period (covering years before Lake Oahe became opera-
tional in 1962) although there were significant yearly fluctuations
during the l0-year period. It could be concluded that this river
species 1s little influenced by Lake Oahe, except possibly in a
negative way, The tailrace area and the "pike hole" area located
about 2-1/2 miles below the dam are the only specific areas of in-
tenaive fishing use that have been identified in the river between
Garrison and Lake Oahe, The fluctuating reregulation pool will
doubtless eliminate these areas, It is expected that a fishery
similar to that existing in the present tailrace area will develop
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below the reregulation structure; however, the "pike hole" area
probably will not ba duplicated downstream of the reregulation dam,

126, Approximately 180 acres of terrestrial habitat will be inun-
dated within the proposed reregulation pool, Another 20 acres will
be lost due to bank slope adjustment within the reregulation pool
area, The habitat values of the types comprising this 200 acras
are shown in Table E-13.

Table E~13 TERRESTRIAL HABITAT LOST
GARRISON REREGULATION RESERVOIR

Habitat Percent
Habitat Type Init Value Composition
Bottowmland Hardwood 7.2 6
Bottomland Savannsh 7.3 22
Sand Bar 6.8 68
Cropland B.6 -
Floodplain Wetlands (Marsh) 7.7 1
Open Herbaceous 7.3 3
Island 7.2 -

The weighted average value of the land lost consists of 68 percent
non-vegetated sand bar, 22 percent bottomland savannah, six percent
bottomland hardwood and three parcent open herbacecus 1s 7.3 units
per acre. The sand bar area is not being recognized in computing
habitat mitigation needs since this area will be replaced downstream
as a result of decreased stage fluctuations. Terrestrial plants,
insects and swall mammals existing in the inundated area wiil be lost,
Beaver and wuskrat populations will show significant decreases while
large mammal and bird populations may show slight decreases due to
habitat reduction, Measures recommended for mitigation of the 200-
acre loas are discussed under Mitigation - Garrison, page E~47,

127. Material used to construct the reregulation dam will come from
the area upstream, where habitat, which will be flooded by the re-
regulation pool, has a wildlife value of 7.3 (Table E~12), Mitigation
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for this loss is diacussed under Mitigation ~- Garrison, page E-47,

128, Considerable concern has been expresgsed over the possible im-
pact of increased stage fluctuation on existing ground water levels
particularly in the game management area below the dam, The general
class of valley soil adjoining the river varies from sand to clay
averaging sandy clay loam. These soil types, except clay, are quite
permeable, offering relatively little resistance to movement of
groundwater in response to river fluctuation. Thus, the possibility
exists that vegetal growth patterns could be changed in the 1659
acres of freeboard zone (that area from 0 to 3 feet above the maxi-~
mum reregulation pool elevation of 1682)., PFoundation explorations
to be conducted during the advanced design stage will make possible
an accurate evaluation of the effect which the fluctuating reregu-
lation pool will have on groundwater levels. Meanwhile, no net

loss of habitat value is anticipated because of changes in habitat

type 8,

EFFECTS OM CULTURAL RESOURCES - GARRISON

129, Direct impact on cultural resources in the low valley lands
inundated is expected to be minor. Frequent flooding of these areas
in historic and prehistoric times made them generally unsuitable for
extended occupation. Cultural resources reconnaissance of the area
that will be potentially affected by the selected plan will be per-
formed during detailed design studies, This will include reconnais-
sance of the reregulation reach and dam, and of areas which may be
visually affected to a significant degree. Specific efforts will

be directed to the discovery of relevant data pertaining to the sites
of Fort Mandan and Fort Lisa, Specific impacts on known or discovered
cultural resources will be identified. An assessment of reasonably
identifiable trade-offs of cultural resources values will be com-

pleted prior to recommending the selected plan for final authorization,

130. The reregulation dam is located Just upstream of the Knife
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River Indian Villages National Historic Site, Design of this

structure and associated features will be directed toward minimized

visual impact on the historic site,

ENVIRONMENTAL EFFECTS - GREGORY COUNTY
131, Three adverse effects regarded as potentially significant

have come under consideration during the evaluation of Gregory
County; one, assoclated with construction, is unavoidable; the
others, associated with the operation, are conjectural at best and
may lose thelr threat following additional study.

@ A productive natural embayment will be pre-~empted and its
fiora and fauna in large measure destroyed, to provide a site for
the power plant and tailrace channel.

® Jperation of the power plant in the pumping mode may draw
fish into the pump turbines or otherwise inflict death or injury,

® Operation of the power plant in the generating mode may
disturb sediment deposited by the White River, increasing turbidity
and degrading water quality to the detriment of the aquatic com-
munity.

132, The embayment within which the discharge channel will be
situated occupies about 20 acres; all of the existing habitat will
be destroyed. An embayment is here considered to be the flooded
segments of a drainage system which are protected by headlands from
disturbance by littoral waves or currents and as a result are highly
productive. At a typical summer pool elevation, Lake Francis Case
has over 500 miles of shoreline with about 40 acres of embayment per
mile for an estimated total of 20,000 acres., The Gregory Coumty
aite will thus destroy one-thousandth part of the embayment resource
at Francis Case, This is a significant impact upon that particular
embayment, but not upon the entire resource of the project,

133, During the pumping node, maximum discharge channel velocities
of 4.6 feet per second were given in paragraph E~105, One possible
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effect is the diversion of stream—seeking fishes which would follow
the currents created by the pumpback unit to the powerhouse rather
than tributary inflows, At present, data are not avallable specific
to Lake Francis Case fish populations to judge the severity of this
effect, Some mortality can be expected due to passage of fishes
through the powerhouse turbines. The FWS has said this mortality
will be unacceptable unless screens are installed. However, re-
search on the Muddy Run pumped storage project indicatea that no
aignificant population reduction has occurred as a result of thias
type of mortality. This research also indicates that greater mor-
tality may occur with the installation of screens due to "gilling"
or trapping of fishes against the screen. Studies during advanced
design will address the two decisive questions:

® What fish population may be expected in the vicinity of the
intake channel, which will lie 60 feet or more below the surface
during three-fourths of the time it is operating?

® Does the fish population, once determined, merit protection,
or is the expected mortality a reasonable price to pay for more than
one million kilowatts of peaking capacity?

134, The likelihood that Gregory County will cause an increase in
turbidity (a reduction in transparency caused by sediment in sus-
pension) depends upon interaction between the turbine discharge cur-
rent and the White River delta. The White River is a right-bank
tributary which joins the Missouri about 75 river miles above Fort
Randall Dam and about 37 miles above the recommended Gregory County
site., It discharges an annual average of 15,000 acre-feet of sedi-
ment into Lake Francis Case ~ about 90 percent of the lake's total
sediment inflow., The sediment consists largely of montmorillonite,
a type of colloidal clay with a saturated density about that of
water. After perhaps a year of consolidation on the lake bottom,
however, it develops very considerable stablility and resistance to

waterborne transport,

135, The White River also plays an important role in the lake's
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vater quality. Based on readings just helow the mouth, its sediment
contains iron and manganese in concentrations 10 to 100 times greater
than those raported as dissolved solida, This suggests their presence
in the sediment to be highly insoluble, otherwise the prolongef sus=-
pension period would result in leaching and a closer balance batween
the sediment and water, It appears that the affect of the White River
on water quality in the lake has rsached equilibrium and that minor
turbulance dowmetrean will have little effact om water quality,

136, Since initial fill of Lake Francis Case in 1952, the White
River delta has progressed downstream some 28 miles, putting the

toe sbout seven miles upstream of Gregory County, The White River
deposits will, in time, move as far as the Gregory County site; it
is estimated this will occur within twenty years. What happens then
will depend on the other alement in the equation: the turbine dis-
charge currant, The maximum average velocity of 6.9 feet per seéond
in the discharge channel applies when the Fort Randall pool is at
elevation 1310, Where the embayment debouches into the main body of
Lake Prancis Case, 3,000 feet away from the landward end of the dis-
charge channel, average velocities will exceed 2,6 feet per second
less than ten percent of the time (only when the pool elevation is
below elevation 1330).

137, Density currents could be created by the discharge of warm
water from the Cregory County forebay, Based on past experience these
very low velocity currents pose little threat te water quality.

138, Other effects of construction and operation have not received
as much concern over their potential,

® It is expected that fall migrating waterfowl will use the
forebay as a reating site,

® The operating cycle will cause some circulation of nutrients.
It is probable that emergent, rooted aquatic vegetation will develap
on the "wind-shadow" periphery of the upper pool which, in turn, will
add invertebrate and algal biomass to Lake Francis Case,
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® The project is expected to have little effect on lake
temperature or dissolved oxygen. Current data indicate that neither
a distinct thermocline nor appreciable oxygen deficlency occur in
the lake, The maximum temperature differential existing near the
project area generxally does not exceed IOOF from the surface to the
lake bottom, and oxygen levels are usually 90 to 100 percent of
saturation,

® Construction activities will cause an insignificant adverse
effect on air and will add noise to the area. Temporary increases
in the turbidity of the embayment area may extend some distance into
the lake during construction of the discharge channel.

139, Approximately 1,415 acres of terrestrial habitat, of which
nearly 100 percent is cropland, will be destroyed by construction
and subsequent impoundment of the forebay. This site lies within
the range of the blacktail prairie dog in South Dakota. The black-
footed ferret, a Federally recognized endangered species, utilizes
prairie dog towns as a critical part of its total habitat needs.
Black-footed ferrets have been recorded approximately 20 miles north-
west of the Gregory County site. No prairie deg towns are known to
exist on the site in its immediate proximity., Therefore, there
should be no effect on the black-footed ferret (endangered species)
or a critical part of theilr habitat (prairie dog town), There will
be an insignificant effect on other wildlife populations in the area;
although the smallest mammals, reptiles and insects would be des~

troyed by prqject construction.

EFFECT ON CULTURAIL RESOURCES - GREGORY COUNTY

140, The proposed action is characterized by large scale earth

movement and alteration of terrain, Any cultural resources in the
construction area will be destroyed, The historical setting of any
sites within view will be disrupted; constituting an adverse effect,

141, Prehistoric sites in the general area are fairly common,
though none have yet been recorded in the area of direct impact.
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Reconnalasance studies have revealed one prehistoric site of un-
determined character and significance which might be destroyed,

This site is at least partially deflated, No homesteads or other
historic sites were found. On the basis of reconnaissance, at least
two other prehistoric sites will probably be found through post-
authorization survey. Destruction or damage requiring mitigation

is projected for these sites also.

142, Marketing of the additional power will require some additions
to the existing tranasmission grid. Federal transmission lines in
this region are constructed and maintained hy the Bureau of Recla-

mgtion,

Transmission Facilities

143, The Bureau doea not regard as feasible an in~depth examination
of alternative transmission schemes until the source of generation
has been authorized by Congress. The U, S. Fish and Wildlife Service
has requested that the report show it doea not believe hydro-power
alternatives can be selected and environmental impacts assessed until
associated impacts from transmission line construction are analyzed,
When that has been done, the Bureau will prepare a complete report,
complete with Environmental Impact Statement, Meanwhile, the Bureau
has identified several corridors along which future transmission lines
may be built.

® Fort Randall to Sioux Falls, South Dakota

® Fort Randall to Sioux City, Iowa

® Fort Thompson, South Dakofa to Sioux Falls, South Dakota

® Fort Peck to Williston, North Dakota to Tioga, North Dakota

® Sioux Falils io Lakefield Junction, Minnesota

® Garrison to Bismarck, North Dakota

® Garrison to Jamestown, North Dakota

® Augary County Site to Fort Randall

Appéndix 1
‘E~78



}i

ENVIRONMENTAL EFFECTS - TRANSMISSION LINES

144, 1Installation of new transmission lines would disturb the land-
scape during construction, require 22 acres of agricultural land

for each 100 miles of line for tower structures; increase visual
impact at highways and recreation areas; reduce vegetation through
clearing of right-of-way; and reduce animal populations from clear-
ing operations and bird populations through collision with lines,
Areas disturbed during construction would be revegetated consistent
with present land use, An ares of 10 to 15 acres would be required
for terminal facilities at each end of the line. Existing uses
would be expected to continue in the right-of-way area except for

the area needed by the towers,

On-site Rearing Ponds

145, The selected plan calls for Federal construction together with
neighboring forage base development of nine-acre on-site fish rear-
ing ponds at seven locations on Lake Oahe and five on Lake Francis

Case for northern pike propagation,

Plan Description

146, The plan consists of two Separate actionas. The first is the
egtablishment of semi-aquatic vegetation on a number of reaches of
denuded lakeshore areas at Lake Oahe and Lake Francis Case, At each
of twelve sites identified on Table E~14 and Figures E-19 and E=-20,
about 200 acres will be seeded by conventional farming methods dure
ing the late fall and winter months, Sprigging of root stock from
rooted semi~aquatic plants will also be performed on 100 acres dur-
ing the same period, Subsequent rises in pool levels during
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Figure E- 19 ON-SITI REARING PONDS - LAKE OARE
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Figure E-20 ON-SITE REARING PONDS - LAKE FRANCIS CASE
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the aumer months will inundate plant growth in the seeded area
thereby creating littoral habitat suitable for growth, reproduction
and maintenance of prey fish species. This forage base improve-
ment will eliminate the need for stocking prey specles and will pro-
vide the northern pike with a perpetual forage base.

Table E-14 ON-SITE FISH REARING PONDS AND
FORAGE BASE DEVELOPMENT

Lake Geographical Location Map Designation
Caha Cheyenne River Arm 0=-1
Cow Creek Area 0~2
Whitlock Bay Area 0-3
Swan Creek Area 0-4
Blue Blanket Area 0-5
Indian Creek Area 0-6
Pollock Area Q-7
Francis Case North Bay Area FC-1
S5t. Phillips Bay FC-2
North Wheeler Area FC-3
Snake Creek Area FC=4
Elm Creek Area FC-5

147, The second part of the rlan consista of constructing rearing
ponds at the 12 selected sites. Each would be located near the
improved habitat area and have an access road and electric power
source. Five sites would have space for temporary parking of a
hatchery trailer and mobile home-office and an underground waste
storage vault. Each pond would be 706 feet in diameter, surrounded
by a levee with a height ranging from four feet to 10 feet, A slope
of about 100 feet horizontal to one foot vertical on the bottom of
the. pond will maintain water deptha ranging from about one foot on

the landward side to about eight feet on the lakeside., Portable

pumps will f£111 the ponds and maintain water levels, and selected
mobile peripheral equipment such as hatchery traiiers will be necessary
to monitor the ponds. Pond drainage will be accomplished through a
8luice gate located in the levee and a corrugated metal pipe will dis-
charge water and fingerlings into the lakes.
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Plan Accomplishments
148, The implementation and operation of the plan would:

® Improve existing forage base consisting of increased
numbers of prey fish species, insects, and other invertebrates

® Reduce shoreline erosion and atabilize banks along an
estimated 200 miles of denuded shoreline

® Improve the lakes' northern pike populatione

® Increase fishing opportunities and visitation to the lakes
by about 180,000 fishermen days annually.,

149, The construction and operation of on-site rearing ponds for
the production of northern plke will result in significant in-
creases in the pike fishery caused by the production and release

of approximately five million fingerling northern pike annually.
This, in turn, will increase vigitation at these lakes, as well as
their geographic area of influence, resulting in their re—establigh-
ment as regionally important northern pike fishing lakes, a position
each once held during initial fi1l.

Effect on the Environment

150, The rearing ponds will have no major adverse effects on the
environment and will result in an improvement over existing environ-
mental conditions. Approximately 1,400 acres of denuded shoreline
area at Oahe and 1,000 acres at Francis Case will be vegetated,
marked by improving existing habitat both when inundated and when

exposed.

i51, One hundred forty acres of terrestrial habitat will be des-
troyed by the construction and operation of 12 on-site rearing ponds.
Much of this area presently supports little vegetation. Seeding

and re-establiishment of vegetation in the rearing pond bed each

year may result in improved terrestrial wildlife habitat during

non—operational periods,

152, A corrugated metal pipe will be placed between each rearing
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pond and the lake, a distance which varies from site to site, This
activity will have little environmental effect, since these areas

ara presently denuded and will be seeded after the pipe 1is installed.

153, Gravel access roads will be conatructed from existing public
roade to each rearing pond site; required extensions of existing
gravel roads will vary from 50 feet to 1,800 feet. The bulk of
this construction will occur in areas where project trails exist

and the effect on existing wvegetation will be minimail,

Other Effects

i54, The construction of on-site rearing ponds will raesult in the
employment of about 60 construction personnel during peak construc-

tion actions.

135. Recreation surveys conducted in 1965 and 1975 at Lakes Oahe
and Francis Case show a major decline in fishing by people coming
from beyond 100 miles. This loss 1s correlated with the deteriora-
tion of northern pike fishing success. About 172,000 northern pike-
oriented fishermen who traveled to the lake from beyond 100 miles

in 1965 are not doilng sc today. About half of this number came from
outside of the State of South Dakota; an additional 9,000 fishermen
from within 100 miles would return to the lake to fish for northern
pike. The in-state and out of state total, rounded tec 180,000, is

regarded as a very conservative estimate.

156. Increased regional sales specifically associated with this
gain in fishermen will be approximately $1.3 million annually, re-
suiting in a net regional benefit of $930,000. The capacity for
about 300 additional seasonal and part-time jobs will be added.
Total additional sales and gasoline tax for the region will be
about $86,000, approximately one~half of which will be new non-

resident revenues,
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157. Some increase in out of state tourism -~ over and above
fishermen themselves - is antlcipated in response to the establish-
ment of an assured trophy-fish population. The impact will be
gsoclal as well as economic, establishing a stable base for added
seasonal employment besides increasing total income., An indirect
soclal and economic effect of the restored fishery, stemming from
its contribution to the attractiveness of South Dakota as a place
to live, should be an impetus on industrial development and popu-

lation growth,

Design

158, Establishment of a northern pike forage base will involve
sprigging and seeding alternately exposed and inundated lake shore
areas in the vicinity of the rearing ponds, Vegetational establish-
ment of this type has been accomplished by the Corps of Engineers
in the creation of salt marshes in the Chesapeake Bay area and

has been studied on Lakes Oahe and Sakakawea. The vegetational
establishment will consist of an initial sprigging or transplanting
100 acres at each site of various rooted semi~-aquatic plants suited
to the climatic conditions of the area. Suitable root stock will
be harvested from lake shores and wetlands located a short distance
east of Lakes Oahe and Francis Case, In addition to the initial
sprigging, approximately 200 acres along the shoreline area at each
pond site will be seeded initially and aerially reseeded on an
annual basis for a period of five years. During this time the
vegetative stands should become selfsustaining, thus terminating

the need for annual seeding.

159. To maintain a viable trophy northern pike fishery in Lakes
Oahe and Francis Case, it will be necessary to stock these lakes
on a yearly basis. The mortality involved with this stocking

effort will vary widely from year to year and between life cycle

stages depending on environmental conditions such as food
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availability, cover, temperature, etc. With suitable pike habitat
estimated to constitute less than one-~third of these lakes, it will
be necessary to stock approximately 3,000,000 fingerlings in Lake
Oahe and 2,000,000 fingerlings in Lake Francis Case annually in
order to maintain a minimum adult pike population greater than three
fish per acre of suitable littoral habitat. These fish wil}l not be
evenly distributed but will tend to congregate in the more favorable
areas for food and cover, creating fishing "hotspots." Table E=15
indicates approximate numbers and the mortality associated with each
life stage that can be expected to occur.

Table E-15 POPULATION AND MORTALITY ESTIMATES -
HATCHERY REARED NORTHERN PIKE

Lake Oahe Lake Francis Case
Number of Eggs 12,000,000 8,000,000
Mortality 10-20% 10-20%
Yolk-sac larvae 10,000,000 6,600,000
Mortality 40% 40%
Fry 6,000,000 4,000,000
Mortality 50% S507%
Fingerlings Released 3,000,000 2,000,000
Mortality 0% 90%
Adult Northern Pike 300,000 200,000
Avg Adult Pike/Acre 3 6

160, The rearing pond structure will consist of a ring levee with

side slopes of 1 on 3 and a 10-foot top width. A 2-3/4 foot corru-

gated metal pipe will extend from the sluice gate structure to the
existing lake for draining the pool. The pool will be drained
over a two-day period and filling time will approximate one day
with portable 65-horsepower pumps. The bottom of the pond will be
graded to a 1 on 100 slope and seeded annually. The top of the
levee will be surfaced with gravel as will the extension of exist-
ing roads to provide access to the site. The site will be located
at or above the elevation of the top of exclusive flood control
zone of the reservoirs, Locations at this elevation would be
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subject to flooding from the lake less than once every 100 years.

Construction
161, After final site selection has been made in the post-authori-

zation phase, utilizing the results of foundation exploration and
efforts to minimize grading operation and lake access costs, con~-
struction will require about 8ix months. Techniques emploved will
be quite similar to those used in building sewage ponds. A parti-
cular concern is to minimize chances of inundating the ponds by up-
land runoff or high lake levels.

162, The process of establishing a vegetative cover along the lake
shore by initial seeding must be followed up by a five-year program
of aerial reseeding as discussed in paragraph E-162, This effort

is a part of the Federal construction cost. All other features of
this project, including the annual requirement for pond seeding,
will be turned over to the sponsor after completion during the first

year of construction,

Operation and Maintenance
163, The South Dakota Game, Fish, and Parks Department will be
responsible for annual operation and maintenance consisting of:
® Pond farming
® Egg collection and rearing to the fingerling stage
® Release of fingerlings into the lakes.
® Maintenance of ponds, equipment, and access facilities

164, Pond farming will involve annual seeding of the rearing pond
interior during the summer months using plants which decay easily
after inundation. This decay after the spring pond filling will
result in a rapld growth of zooplankton to be utrilized as a food
source by the northern pike fry. Any necessary maintenance of the
embankments can also be accomplished at the time of seeding. The
vegetated shoreline will not require annual maintenance since it
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will maintein itself and perhaps expand after the five-year initial
sewding program,

165, Egg collection will begin during the March-April period when
ripe females and males can be collected in Eastern South Dakota
lakes or elsewhere. The precise time of ¢ollection will be deter-
mined by hatchery personnel since it varies with environmental con~
ditiona, Thia collection process will take one supervisor and five
men approximately ten days. Once the ripe females and males are
collected they will be milked or stripped and the fertilized eggs
placed in egg jars in the modified hatchery trailers. The three
trailers will then be moved to rearing pond locations on Lakes Oahe
and Francis Case. Operation of hatchery trallers will require one
supervisor and five part-tiwme employees. This operation will in-
volve monitoring physical and chemical water conditions, transfer-
ring volk~sac larvae from egg jars to larvae troughs housed in the
hatchery trailers, and releasing the pike fry into the rearing
ponds. Rearing pond operation will involve one supervisor and an
emergency crew to monitor food, water, temperature, release tine,
etc. and correot any deleterious conditions which may arise. At
the propar time, as determined by hatchery personnel, the finger-
lings will be released into the lake in the habitat improvement

areas.

166, Pond maintenance and filling will begin approximately two to
four weeks prior to fry relecase time as determined by hatchery
personnel, Maintenance to access roads, levees, slulice gates, etc.
will be accomplished as needed throughout the year. Pond filling
operations will be accomplished using portable pumps to fill each
rearing pond from the nearby lake. Make-up water for evaporation

and seepage losses would also be provided periodically by the pumps.
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Reach Designation Under
National Wild and Senic Rivers Act

167. The selected plan proposes that the reach from Gavins Point
Dam to Ponca State Park be designated as a component of the National
Wild and Scenic Rivers system. Preservation of the outstanding
values of the reach will be carried out through acquisition of
scenlc and recreational easements sufficient to satisfy the public
interest, and a minor amount of fee acquisition necessary for fa-
cility development. Structural controls necessary to preserve out-
standing natural values within the river's high banks are included.
Those outstanding features which provide the eligibility for desig-
nation and which could be adversely affected by Section 10 and
Section 404 permit actions will be preserved by inclusion of appro~
priate constraints in the permits, Examples are screening of pumps
with plantings and limitations on exhaust noise. The bank protection
plan described at the beginning of Section E will be designed and
constructed so that no structure is introduced which would have

significant adverse effects on the outatanding values in the reach.

168, The remaining paragraphs of Section E, except for the dis-
cusgion of operation and maintenance, have been prepared by the
Bureau of Outdoor Recreation, utilizing data acquired by that agency
and by the Corps of Engineers in their joint evaluation of the study
reach. Requirements and report format vary among agencies; a part

of the discussion which follows might appear to have been appro-
priate for consideration under topic headings in earlier sections;
other parts are repeated in Sections F and G. Some small element

of repetition, however, seems a modest price to pay for this assembly
of a report within a report ~-— document which can sexrve the purposes

of both the Department of Interior and the Department of Army as
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they move to further process its findings,

Purpose

169, This part of the umbrella study was done to evaluate alter-
natives for management of the 59,05-mile reach of the Missouri River
from Gavins Point Dam to Ponca State Park, 1In developing the alter-
natives, the river reach was evaluated using the procedures and
guldelines of the National Wild and Scenic Rivers Act; however, the
Btudy was not done specifically directed by the National Wild and
Scenic Rivers Act, Public Law 90-542,

170, The act established the National Wild and Scenic Rivers System,
designated eight rivers as initial components of the system, identi-
fied 27 rivers for study as potential additions to the National
tystem, and prescribed methods and standards by which additional
rivers could be added to the system from time to time. Subsequent
‘amendments have identified 31 additional rivers for study; however,
the Missouri River from Gavine Point to Ponca State Park is not sape-
cifically tdentified in the above legislation.

171. This section of the report contains basic data pertaining to
the Gavins Point Dam to Ponca State Park river study area, study
findings, conclusions, recommendations, and a discussion of alter—
native actions. In addition, the report includes a conceptual river
plan which provides guidelines for the preservation, utilization,
and management of the Missouri River from below Gavins Point Dam,

South Dakota, downstream 59,05 miles to Ponca State Park, Nebraska.

172, A river, or segments of river, qualifying for inclusion in the
National Wild -and Scenic Rivers System shall:

"with their immediate environments, possess outstandingly re-
markable scenic, recreational, geologic, fish and wildlife,
historic, cultural, or other similar values, be preserved in
free-flowing condition, and that they and their immediate
environments shall be protected for the benefit and enjoyment
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of present and future generations. The Congress declares

that the established national policy of dams and other con-
struction at appropriate sections of the rivers of the United
States needs to be complemented by a policy that would pre-
serve other selected rivers or sections thereof in their free-
flowing condition to protect the water quality of such rivers
and to fulfill other vital national conservation purposes.”

Scope

173, Information as presented on this portion of the Missouri River
Study is the result of field work and analysis on the part of State
and Federal agencies. The study has evaluated this 59.05-mile seg-
ment for possible inclusion in the National Wild and Scenic Rivers

System,

Conduct of Study

174, The study of the Missouri River from Gavins Point to Ponca

State Park has been part of the overall "Missouri River Umbrella
Study” and has given full consideration to the potential of that
segment of the Missouri River for inclusion in the National Wild and
Scenic River System. The study report and environmental impact state-
ment of this segment of the Missouri River were designed to comply
with the requirements and guidelines of the Wild and Scenic Rivers
Act.

175. A study group composed of Federal, State, and local agencies
was initially organized in early 1976 under the leadership of the
Missouri River Division, Corps of Engineers., Federal agencies repre-
sented included the Bureau of Outdoor Recreation, Fish and Wildlife
Service, and the National Park Service. State representatives in-
cluded Nebraska Game and Parks Commission, South Dakota Department

of Game, Figh, and Parks, and State historians. County commissioners
from those counties directly related to this segment of the river
were also involved. Public involvement included twe Umbrella Study
public meetings held in June of 1976, Comments expressed during
these meetings are summarized in paragraphs C~168 and C-169.
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Eligibility Determination and Classification Procedure
176, The firat basic task in conducting this river study was to
determine whether or not the river or segments of it met the eligi-
bility criteria as set forth in the Wild and Scenic Rivers Act and
the "Guidelines for Evaluating Wild, Scenic, and Recreational River
Areas Proposed for Inclusion in the National Wild and Scenic Rivers
System as Adopted by the Secretaries of the Interior and Agriculture."

In other words . . .

DOES IT QUALIFY FOR THE NATIONAL SYSTEM?

ELIGIBILITY CRITERIA

Public Law FREE FLOWING CONDITION
wrpy 200562 OWING ¢

d and §

Rivers Act ACCESSIBILITY

SHORELINE DEVELOPMENT

October 1968

WATER QUALITY
SCENIC QUALITY

'FISH AND WILDLIFE VALUES
RECREATION VALUES
GEOLOGIC FEATURES

CULTURAL AND HISTORICAL VALUES
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Classification Categories
177. Lf a river is found to qualify for the National System, the
second basic task is to determine the appropriate classification
under the following categories:

¢ Wild river areas - Those areas or sections of rivers that
are free of impoundments and generally inaccessible except by trail,
with watersheds or shorelines essentially primitive and waters un-—
polluted. These represent vestiges of primitive America.

® Scenic river areas — Those rivers or sections of rivers that
are free of impoundments with shorelines or watersheds still largely
primitive and shorelines largely undeveloped, but accessible,

® Recreational river areas - Those rivers or sections of rivers
that are readily accessible by road or rallroad, that may have some
development along their shorelines, and that may have undergone some
impoundment or diversion in the past,
In arriving at a finding of eligibility and stream classification,
the study group had to exercise its judgment, not only for the eli-
gibility criteria as it applied to the segmenﬁ of river but on the
river system as a whole, and to evaluate the combined effect of all

criteria.

River Corridor Description

178, The portion of the Missouri River under study is located in
the eastern portion of the States of Nebraska and South Dakota where
it forms their mutual boundary. The river length in the study area
is 59,05 miles and includes the area from immediately below Gavins
Point Dam at the 1965 river mile 811.05 downstream to Ponca State
Park, Nebraska, at 1965 river mile 752. The land adjacent to the
river ranges from a relatively level flood plain to steep tree-—
covered bluffs on the Nebraska side and relatively level flood plain
on the South Dakota side.

179. The river channel in this area remains essentially in a natural
condition, unaltered by man; however, the river flow is regulated
through the Gavins Point Dam, Flows during years of normal water
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water supply vary seasonably between 35,000 cfs during the spring,
summer, and fall months and 15,000 cfs or legs during winter. The
study reach is free from any impoundments and other structures which
might impede flow. River banks vary from rclatively flat sandy

beach areas to vertical faces 10 to 15 feet high where active erosion

ig taking place.

VEGETAYION

180, Natural vegetation along the study segment is composed pri-
marily of two major plant communities., These are the flood plain
forest of willow and cottonwood and the elm, ocak woodland typical
of the bluffse that border the flood plain in Nebraska,

i8l, Varying stages of flood plain vegetative succession are evi-
dent throughout the study segment. On the sand bars and newly de-
posited accretion lands adjacent to the river banks, the pioneer
species of flgod plain succession are evident. These include an-
nual weads, short-lived grasses, sedges, and seedling willow and
cottonwood. Further back and higher above the water table larger
‘willow and cottonwood trees dominate until finally a mature flood
plain forest consisting mainly of cottonwoods on the highest banks
and islands dominates the flood plain vegetation. Underatory types
in this mature cottonwood forest consist mainly of dogwood, sumac,
wild grape, and poison ivy. Much of the mature cottonwood forest

on the high banks adjacent to the river had been replaced with pas-
ture and cultivated cropland, though remnant groves remain. These
feature the most mature examples of this type forest. The two large
islands in the river also support substantial groves of mature vege-
tation., Other examples of this plant community are seen on relatively
new accretion lands and islands which have not been subject to agri-

cultural development.

182, In contrast to this mixed flood plain forest and agriculture

use on the flood plain are the hardwood forests of the adjoining
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bluffs in Nebraska. There are several places in the study segment
where the river flows at the base of the bluffs, Here, the bluffa
and their hardwood forest dominate the scene. These slopes are
predominantly north facing and support a very dense growth of oak,
ash, mulberry, and walnut, Oak 18 by far the predominant species.
Where grazing has been limited, a good understory shrub layer is
present as in the flood plain forest. Dogwood and sumac are typical
plants. This hardwood forest is predominant on the north-facing
slopes and in the many draws and ravines of the bluffs. Near the
hilltops where soil moisture is less abundant, and where there is a
south or west exposure, the forest is replaced by native grasses
mixed with yucca. The varilety of vegetation types, contrasting with
the flood plain forest, adds to the overall diversity of the study
segment.,

FISH AND WILDLIFE
183. An abundance of fish species can be found along the study cor-

ridor. The unchannelized condition of the river in the study reach
provides a diversity of habitat for fish that was common throughout
most of the Missourl River prior to its alteration by man. Although
the main stem dam system has altered the river's traditional pattern
of flow and significantly reduced its sediment load in this river
reach, most of the indigenous fish species are still present. The
changed river condition has, however, modified the dominance and
abundance of species in the fish community, and there have been a
few species introduced into the river. Table E-13 lists the princi-
pal fish species found in the national river reach today. Of these
specles, sauger, carp, channel catfish, goldeye, white bass and fresh-
water drum are the most abundant fish found in the fisherman's creel,
A recent study shows that the Missouri River sport fishery compares
favorably with other rivers in the United States, and the annual
rates of catch and harvest were greater in the national river reach
than any other portion of the river including the Gavins Point Dam

tailwaters.
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Table E~16 PRINCIPAL SPECIES OF THE FISH COMMUNLTY
FOUND IN THE RIVER STUDY REACH

Shovelnose Sturgeon Y Smallmouth Buffalo
Gizzard Shad L Bigmouth Buffalo
Goldeye L/ Shorthead Redhorse
Carp 1/ Flathead Catfish
River Carpsucker Y Walleye

Channel Catfish-l/ Freshwater Drum
Sauger y Emerald Shiner
Paddlefish Red Shiner
Shortnose Gar Sand Shiner
Longnose Gar White Bass

Blue Sucker

L/ Indicates a dominance

184, The paddlefish, one of the oldest living fish, is found through-
out the Missouri River drainage. However, its numbers are not great
and known spawning grounds are few. It is felt that this lack of
spawning areas has resulted because large portions of the river have
been altered by man. The channelized river below Ponca State Park,
for example, does not offer suitable spawning areas because water
depths are too great and the bottom too uniform., Gavins Point Dam

is a barrier to their movement upstream. The natioral river reach
is, therefore, considered very important to the maintenance of the
paddlefish in the Missouri River below Gavins Point Dam, Although
there is no definite evidence of their spawning, paddlefish larvae
were found in the river below Gavins Point Dam in the spring of 1976.
This is the strongest evidence to date that paddlefish could be
spavning in the study segment.

185, Wildlife in the study segment is fairly abundant although
types of wildlife found have changed since the coming of the white
man, Lewis and Clark, killed a buffalo and shot at two elk on
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August 23, 1804, in what 1s now Dixon County, Nebraska; adjoining
the national river reach. These species are not found in this area
today, nor are plains grizzly bear and pronghorn antelope which were
also dominate on the historic scene. A survey of this river reach
identified one species of salamander, l4 species of frogs and toads,
three species of lizards and 13 specles of snakes. It is believed
that this community of amphibians and reptiles has changed little

in historic times. The abundance of the more completely terrestrial
species of reptiles has probably diminished because of land use
changes that have taken place.

l86. The same survey accounted for 48 species of mammals., Small
mammals, including mice, voles, bats, moles, rats, and ground
squirrels, make up almost 60 percent of these species, and furbearers
contribute another 20 percent. White-tailed deer is the only large
mammal in the study segment; however, an occasional mule deer moves
into the uplands adjoining the river from the west. Coyote, red fox
and badger are also common to the reach., As with the reptiles, the
species composition of the mammals has not changed significantly
from historic times, except for the loss of the big herbivores and
the grizzly bear., The community make-up, however, has been affected

by the land use changes that have taken place.

187. The national river study corridor is the year—around home for
25 bird species., Fifty-eight species commonly nest in the area in
addition to the year-around residents, while 15 additional species
are common winter residents. Over 115 species regularly use the
corridor on their spring migration and 110 return through the area
during their fall migration., This number of specles represents
about one-third of the bird species that are present in the Missouri
River Basin either as regular residents, common visitors, or as
occasional visitors. Except for a few introduced species and a
couple of recently extinct species there is very little change in

the bird community from the historic past. The migration of
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watarfowl and shorebirds along the national river study corridor re~
@ains one of the most lmportant ormithological occurrances in the area,
This 1is particularly true of their apring migration. The Interiorx
Least Tern, a rare shorebird that is being etudied for incluaion on
the PFederal endangered species list, 1s a regular, possibly common
sunmer resident to the area. Breeding colonies use the clusters of
sand bars that occur in the river between Vermillionm, South Dakota,

and Ponca State Park, Nebraska.

STREAMFLOW

18§, The volume of water, as mentioned earlier, is influenced by
relaases from Gavins Point Dam. Water is released during the recre-
ation season in amounts suitable to maintain commercial navigation
at Sioux City, Iowa, the upper terminus of the Missouri River Bank
Stabilization and Navigation Project. This seasonal release is at
least 25,000 cfs, except during periods of flood discharge from the
Floyd, Sioux, James, or other left-bank tributaries. These releases

assuré adequaté flows for unimpeded recreation use,

189, Flows during years of normal water supply vary seasonally be-
tween 35,000 cfs during the spring, summer, and fall months, and
15,000 cfs or less during the winter. The study reach is free from

any impoundments and other structures which might impede the flow.

WATER QUALITY
190. No water quality data measurements have been collected in this

segment of the MEssouri River except in the upstream reaches at
Gavins Point Ddm and Yankton, South Dakota, However, some water
quality data have been collected near the mouth of the two major
tributdries, the James River and Vermillion River. Specific infor-
mation to identffy any point source of water quality degradation
which may be occurring within the reach is not available., It is
generadlly assumed that the overall quality of the water is good with
any degradating influences occurring further downstream in the
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vicinity of Sioux City, Iowa. In the absence of specific water
quality information, other sources of information were used to evalu-
ate pollution potential and water quality in the subject reach.

These sources included EPA-440/9-74-001, National Water Quality In-
ventory; EPA, Region VIII, Water Quality Inventory Executive Sum~
mary, 1975; and Missouri Tributaries River Basin Water Quality

Management Plan, Nebraska Natural Resources Commission, November 1975,

i91. The waters released from Gavins Point Dam generally comply
with the requirements listed in the Federal Water Pollution Control
Administration's Water Quality Criteria, dated April 1, 1968. The
only eiceptions are: (é) a slight exceedence of the optimal pH

range of 6.5 to 8.3 SU; (b) mean phosphorus concentrations which are
sufficient to support nuisance growth of aquatic organisms; and,

(¢) mean concentrations of cadmium which may exceed 1/500 of the
96-hour mean tolerance limit for aquatic habitat. However, this
latter exception has not been supported by bloassay tests nor analy-
sis of concentrations in fish flesh. It is based on a comparison

of measured concentratiorns to specific acceptable levels published
in more recent water quality criteria. Each of the listed exceptions
appear to be of natural origin and would probably not be reduced by
any additional upstream regulation, It is not expected that these
exceptions would interfere with classification of the subject reach

for National Recreation River status.

192, The inflows from the James and Vermillion Rivers have oc-
casional high measured levels of fecal coliforms. However, a sta-
tistical analysis of these tributary loadings shows that there is
less than a one percent probability that the tributary inflows will
increase fecal coliform levels in the Missouri River above the
standard of 200 mpn/100 ml, This analysis assumed a background
fecal coliform loading in the Missouri River of 12 mpn/100 ml (aver-
age fecal coliform level at Yankton, South Dakota), and that all
other point and non-peint loadings in the subject reach are
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inconsequential, All other possible pollutional effects of these
tributary inflows on the Missouri River are considered minor, Based
on this assessment, it appears that the pollytional lpadings from
the James and Vermillion Rivers should not cause sufficient water
quality degradation in the Missouri River to limit its use for pri-

mary contact recreation.

193. Other possible pollution sources within the reach iaclude
wastewater effluent, feedlot runoff, and other non-point agricultural
runoff, The major wastewater facilities in the subject reach are at
Yankton and Vermillion, South Dakota, Both cities now have secondary
treatment. As such, pollution from wastewater effluent should nat

be a problem. The basin management plan prepared hy the State of
Nebraska indicates that approximately 28,000 head of cattle are being
fed in feedlots within the right bank drainage area of the subject
reach. Information on feedlots in the South Dakota drainage is not
available. Pollution entering the Missouri River from this source
should also be fairly well controlled in the future because of Federal
requirements on the States under the auspices of PL 92-500. The last
source, non-point agricultural runoff, is currently an upregulated
pollution source., The major agricultural land use in the area is

row crops. Row crops are generally more polluting than other farm-
ing practices because of higher rates of soil erosion with conse-
quential losses of applied nutrients and pesticides. The impact of
this source, and the residual pollution from the other two regulated
sources, on the quality of the Missouri River through the subject
reach cannot be determined at this time.

194, Water Quality Standards established by both Nebraska and South
Dakota state that the waters shall be maintained suitable for pri-
mary contact recreation and warm water fish life propagation. How-
ever, the requirements of these Standards can only be applied to
controllable pollution sources, of which a possible major source,
non-point agricultural land use, is not currently included. At the
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present, there 1s no reason to suppose that contact recreation
might be limited anywhere except perhaps mear the James and
Vermillion Riversa.

Public Access
195, Public access along this stretch of the river is limited. It
varies from areas having little or no facility development to fully
developed boating and camping areas, These areas are owned and
operated by the Federal Government, as well as State, county, and
city governments.
® FEDERAL LAND
Federal lands on this river reach consist of lands immediate-
ly below the Gavins Point Dam on both the South Dakota and
Nebraska sides, On either side there ére facilities for
boating, camping, picnicking, and shoreline fishing. On
the South Dakota side, in the old river channel, a swim
beach is provided in additiom to the other facilities,
® STATE LAND
SOUTH DAKOTA: The Scuth Dakota Game, Fish and Parks De-

partment owns and manages elght parcels of land along the
river making up a total of 963 acres. With the exception
of Clay County State Recreation Area, these lands are pri-
marily set aside as game production areas. Recreational
facilities, such as boat ramps or river access points, are
avallable at most of these areas, Another access to this
reach of the river, although not directly on the Missouri,
i8 located at Kelly Cove on the James River, two miles
upstream from its confluence with the Missouri. This site
provides access by way of the James River. The State may
also have title to gsome accretion lands on the South Dakota
side of the river,

NEBRASKA: The Nebraska Game and Parks Commission owns
Ponca State Park (836 acres) located 60 miles downstream
from Gavins Point Dam. This State park consists mainly

Appendix 1
E-101




of the forested bluffs, with some accretion land at their
base where fighing and boating access is available, Fa-
cilities here Include a boat-launching area, camp pads,
plenic facilities, cabins, and a variety of other recre-

ation facilities.

® COUNTY LAND

SOUTH DAKOTA: The three counties located in South Dakota

have no known public access to the river.

NEBRASKA: Of the two counties on the Nebraska side, only
Cedar County offers public access to the river, It has
two boat ramps, one in the Cedar County Park, 1l miles
downstream from Gavins Point Dam, and the other on private
land at the Sportsmans Steak House, 25 miles downstream
from Gavins Point Dam. This boat ramp was constructed on
privately~owned land by the county through an agreement

with the landowner and is available for public use.

& CITY-OWNED LAND

Yankton, South Dakota, owns approximately one-half mile of
the town's riverfront land, as well as two parcels of land
on either side of the Highway 81 bridge on the Nebraska
gide of the river. The riverfront land in town is used

for municipal purposes such as the water and sewage plants,
as well as for public accesgs, Public recreation facilities
include a boat ramp, picnic tables and shelters, a play-
ground, and ball diamonds., On the Nebraska side, the City
of Yankton owns two timbered areas which have no develop-
ment. One is located on each side of the bridge. Access
is attainable to the river's edge across trails in these

two areas.

® OTHER
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dam, the only area where a road closely parallels the river,
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end at the river. However, the private roads provide no
public access for river use, Lands adjacent to these

roads are privately owned.

Adjacent Land Use

196, The major use of the land adjacent to the river is for agri-
cultural purpeses. These include uses for both irrigated and non-
irrigated crops and for pasture, The predominant use of these lands
at the current time is for cultivated crops. According to a survey
done by the Corps, 75~95 percent of the lands immediately adjacent
to the river are used for crops. Corn is the most important of
these, followed by soybeans, alfalfa, and oats. Pasture makes up
5-10 percent of the land and the remainder is in woodlots. Other
lands along the river banks and within the river itself include sand
dunes, bars, and islands which support varying stages of vegetative

growth ranging from grasses to flood plain cottonwood forest.

197, Interspersed in this generally agricultural area are individual
homes, clusters of homes, and public recreation and wildlife lands.
Immediately adjacent to the river banks, residential uses include

the City of Yankton, South Dakota. Cabins, trailers, and clusters

of both are located sporadically along the river banks in both states.

Their nature and location are shown on Table E-17,

Historical and Cultural Areas

198, Eight historilc sites and two archaeologic sites, listed in the
National Register of Historic Places are located along the study
corridor, as listed in Table E-18 and shown on Figure E-21. All of
these were listed in the National Register of Historic Places as of
December 31, 1974, and are within the 10-mile (16,1 km) study corri-

dor,
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Table E-17 STRUCTURES AND INTRUSIONS - MISSOURI RIVER
GAVINS POINT TO PONCA STATE PARK

Irri- Cabina Car Bodias
gation Road or (includes (Bank
Item Mile Bank Trallers Docks Pumns Dup Ramp houses) Protaction)
Boat Dock & Stalrs 751.2 R - 1 - - - -
Boat Dock & Stairs 751.22 R - ] - - - -
Dock 7314 R - 1 - - -
Rock {gravel) fll11 752.1 R - - ~ - - -
Floating bDock 752.1 R - 1 - - - -
D1d Conc:ete Pler thorse)

{pLlpeline) 751.5 I - - - - - -
Panca 5t te Park Ramp 733.5 R - - - L - -
Cabin 758.0 - - - - - 1 -
Floating Hock 760.0 R B 1 - L )3 -
Cabln 762.0 R - - L - 1 -
Car Bodi-w 763.0 R - - - 1 9
Ramp 763.4 L - - ; - -
Trailer 761.5 R 1 - - - -
Trullers 765.0 R 2 - - - - -
Car Bodi.s 708.4 L - - - -

Cabin 768.5 R - - - - 1 -
Cabin 768.5 L - - - - 1 -
Cabin T68.6 [ - - - - 1 -
Floating Dock, Cabin 768.7 L - 1 - 1 -
Dock, Stairs, Cabin 768,75 1 - 1 - - 3 -
Floating Dock, Stairs 769.1 L - 1 - - -
Fleating Dock, Stairs, Cabin 769,13 L - 1 - - H -
Dock, Calin T69.12 L - 1 - - 1 -
Ramp, Dorks, Fuel Tapk 769.4 L - 2 - - -
Trailer 771.0 L 1 - - - - -
House 175 L - - - - 1 -
Trafler 772.1 1 1 - - - -
Traller 772,01 L 1 - - - - -
Floating Dock, etc 712.2 L 1 1 - - - -
Floating Dack, ete. 775.9 R 1 1 - 1 1 -
Ramp 781.0 L - - - 1 - -
Irrigatlon Pump 781.1 K - - i - - -
Floating Dock 782,13 R - 1 - - -
Floating Deck 782.5 R 1 1 - - 1 -
Trai{lers, Cabins 782.46 R 2 - - - 4 -
Floating Dock 7B2.7 R - 1 - 1 1 -
Docks, etc . . 782.7 L - 2 - 1 1 -
Rubble Hard Points 782,75 L - - - - - -
Dug Ramp 2.8 |3 - - - 1 - -
Fioating Dock & Stairs 782.8 L 1 - - - -
Floating Dock, Stairs 782.85 L - 1 - - - -
Floating Dock 78z.9 L - 3 - - 1 -
Junk 8z.v 3 - - - - -
Rouse 782.95 R’ - - - - 1 -
Floating Dock & Stairs 782,495 L - 1 - - 1 -
Floating Dock & Srairs 782,96 t - 1 - - 1 -
Tewer, I'l Dock, Rubble Hard Pt 182,97 1. - 1 - - 1 -
Tower, Flzating Dock 7H42.95 R - 1 - 1 i -
Cars & Cabins 783.0 R - - - - b3 1
Cabing & Fill 783.0 L - - - - 2 -
Ficaving Dock 783.65 L - 1 - 1 1 -
Floatin; Dock & Stairs 783.1 L - 1 - - 1 -
Rubble Bank Protectiun 783.15 L 5 - - - 2 -
Car Bodies on Bank 781.5 L - - - - - 17
Steel File Dikes 783.5 R 1 - - - - -
Junk 7813.7 L - - - - - -
Flpatin, Dock & Cabin 183,75 R - 1 - 1 i -
Ramp 783.8 R - - - 1 - -
Ramp, Dick, Trailer 783.85 R 1 1 - 1 1 -
Ramp, 783.9 R - - - 1 - -
Ramp, Cabins, Car Bodles 784.8 R - 1 - 1 2 2
Fl Dock, Trallers, Cabins, Junk T84 ,2-25 1. 1 - 1 2 -
Floating Dock & Ramp 784.85 L - i - 1 1 -
Bamp & stairs, Cabin 784.5 L - - - 1 1 -
Floating Dock, Trailers, Cabins 7B4.95 L ] 1 - - l(modular: -
Houme 785.00 1 - - - - 1 -
Ramp, Traller, Cabin 785.1 K 1{Bus) - - 1 1 -
Ramp & Cabin 785,235 L3 - - - 1 1 -
Ramp 185.4 R - - - 1 - -
Ramp & Trailer 1B5.45% R 1 - - 1 - -
Junk 785.5 ! - - - - - -
Ramp, Dcck, Cabins 785.5 R - - 1 2 -
Ramp & irailer 785.8 R 2 - - 1 - -
Ramp & Cabin 785.7 R - - - 1 1 -
Ramp & {abkin 785.9 L - 1 - 1 -
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Table E~17 (Cont'd)

Trrl- Cabins Car Bodlies
yation Ruad or {includes (Rank
ltem Mile BHOTY Trallers Docks l'umps hug Ramp houses) Protection)
— e — [ —_ e s - — s — T
Floating Dock, Stafirs & Trailer MH6.05 L 1 1 - - - -
Floaring Dock, Stairs & Gabin 786.] L - L - - 1 -
Fleating Dock, stairs & Cabln 786,13 L - 1 ~ - 1 -
Cabin 786,15 & - 1 - - 2 -
Floating Dock, Stalrs & Cabing 78H.23 L - 1 - - 1
Cabing -786,5 L ~ - - - 2 -
Eamps & Plles, Trallers & Cabing 786, R 5 1 - 1 2 1
Floating Dock, Stair. & Cabin 786.7) L - 1 - - 1 -
Floating Dock, Stalrs & Cabin 786.75 R -~ 1 - - 1 -
Cabfin 787.0 R - - - - 1 -
Ramp § Turnaround, Cibin 787.02 L - - - 1 1 -
Cabin 787.1 L - - - 1 -
Car Bodies on Bank 789.8 L - - - - 20
Junk 790.6 L - - - - - 1
Cabin & Yrailer 94,4 R 1 - -, - 1 -
Cabin 7045 R - - - - i -
Floating Dock & Trai.ers 796.1 L 2 2 - - he -
Dock, Trailera, Cabin 796,19 L Z 1 - - 1 -
Junk 796,25 I - - - - -
Rubble on Bank 796.8 L - - - - - -
Cars & Junk 796.8 L - - - - 10
Dike 7%7.0 1L - - | - - -
Irrigation Pump 757.5 i - - i - - -
Hamp 797,5 [ - - - i - -
Car Bodics 753,32, L - - - - - &
Car Bodies 798.3 L - - 1 - - 3
Floatipg Jock & Walk 798, 3. L - 1 - - - -
Car Bodies 794,5 L - - - - - 12
Ramp 798.3 R - - - 1 - -
Irrigation Pump 798.7 L - - 1 - - -
Fl Bocks, Trailer & Cabin 801.4 L 1 - - 2 -
Car Bodies & Junk B02.4 L - - - - -
Car Bodies 802.5 . - - - - - 1]
Trailler, Cabin, Car lodies 803.0 R - - - i
Ramp B01.9 L - - 1 1 - -
Fil11 BON. 6 R - - - - - -
Outfall & Rubble 805. . B - - - ~ Buildings -
Fili 805. 24 T - - - - Buildings -
Floating lock & Stairs BOG. 3 L - 1 - - - -
Dike, Rubble & Staire 8U5. 4 L - 1 - - - -
Riverside Park B0S. & L - 1 - 1 Bulldings -
Irrigation Intake, Boathoyse 806.0 L - 1 - Buildings -
Floating Dock, Stairs & Cabin 80,2 L - 1 - - 1 -
Dock 8661 L ~ 1 - - - -
Brathouse & Srairs 806.4 L - - - - - -
Docke & Stairs BO6.5 L - 1 - - Buildings -
Dock 806.6 L - L - - - -
Dock & Cahin 806.7 L - i - - 1 -
Dock, Stairs & Cabin 806.75 L - 1 - - 1 -
Deck B06.85 L - 1 - - - -
Dock & Staire 806.9 L - 1 - - Buildings -
Dock & Stairs 807.0 L - 1 - - 1 -
Car Bodies & Junk 807.2 |8 - - - - - 15
Car Bodfes & Junk B07.3 L - - - - - 30
Car Bodies & Junk 807.5 L - - - - 15
Car Bodies & Junk B807.55 L - - - - - 10
Car Bodies & Pile Dikes 807.6 R - - - - - 6
Log & Tree Fill 807.7 R - - - - -
Docks, Traiiers & Cabins Aa07.8 R 3 5 - - 1 -
Docks, Truilers & Cabins 808.0 & i0 5 - 1
Dock, Sta.rs & Trailess 808.1 R 3 1 - - - -
Dock, Sta:rs & Trailecs 808.5 R 2 i - - - -
Marina 806.9 R - 1 - )] Buildings -
Ramp & Cabin Aa08.9 L - Boathouse - 1 1 -
Floating Dock & Cabin 809.4 L - 1 - - 1 -
Rubble, Hard Point Fil} & Cabin 809.5 I - - - - 1 -
Dock & Hoathouse 809.6 L - 1 - - Buildings -
Becalper Wall, Dock & Boathouse 809.7 L - 1 - - 1 -
Car Bodier 809.8 L - - - - 1%
Dock, Rubble Fill 809.85 i - 1 - - - -
Government Ramp B10.0}5 L - - - 1 - -
flevernmen! Ramp 816.3 R - - - 1 - -
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Table E~18 SITES IN NATIONAL REGISTER OR HISTORIC PLACES
IN SOUTH DAKOTA AND NEBRASKA

SOUTH DAKOTA NEBRASKA
Clay County Dixon County
1. Austin-Whittemore Museum 5, Cook Blackamith Shop
2, 0ld Main Cedar County

3. Spirit Mound 6. Wiseman Archaeological Site

Yankton County 7. Schulte Archasological Site
4, Bishop Marty Rectory

Knox County
8. Episcopal Church

9. Congregational Church & Manse
10. Ponca Fort Site

Figure E-21 LEWIS AND CLARK TRAIL AKRD HISTORICAL SITES
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THE NARRATIVE OF LEWIS AND CLARK
199, The Missouri River is rieh in history, having been a natural

highway and a focal point for occupation throughout history. The
Missourl River corridor was the route of explorers Lewis and Clark,
Indian traders, trappers, and pioneers as they traveled toward the
Rocky Mountains. Its role in the settlement of the trans-Mississippi
west was very significant and many features and sites of historical
importance can still be seen along it., The route of the 1804-1806
Lewis and Clark Expedition has been studied by the Bureau of Outdoor
Recreation and will be recommended for designation as a National
Historice Trail.

200. Evidence of Indian inhabitants can be found at several locations
along this segment of the river. An earth lodge village site is lo-
cated on the bluff above Bow Creek in Cedar County, Nebraska. This
site was first recorded by Lewis and Clark as they traveled up the
Missourl River in August, 1804, Other archaeological sites identi-~
fied in this segment but whose significance is unknown include burial
mounds, a burial site, and an occupational site in the same general

area of Cedar County, Nebraska.

201. The earliest major historical documentations of the river are
the journals kept by Lewis and Clark as they made thelr epic journey
up the Missouri in 1804 and 1805, and returned in 1806.

202, Information from the Lewis and Clark journal indicates that
they camped on this particular segment of the river eight times in
the process of their round trip., Six campsites were made during
the period August 23 - August 31, 1804, on the way up river and two
on September | and September 2, 1806, as they returned to St. Louls.

203. In their journals, Lewis and Clark described the surrounding

countryside as they traveled upstream. They mention the rivers
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which flow into the Missouri in this segment, the bluffs, the sand
bars, islands, and wildlife. The landscape remains much taoday as

it was then, Significant features are still identifiable. One
feature mentioned in the Lewis and Clark journal, and which was to
become a local landmark, was the Ionia 'volcano.' The journal des-
cribes it as a "burning bank or bluff which was very high and had
fire in 1t . . . . ." This bluff they reported as located opposite
the Whitestone River, the present-day Vermillion River. The Indians
of the area thought of this hill as being associated with the super—

natural and regarded it with awe,

204, Thousands of river travelers and settlers saw this hill and
wondered at the "burning bluffs." Most of them believed it was a
volcano. During the 1860's and 1870's the Ionia 'volcapo' attracted
much attention, especially when increased subterranean activity
followed the frequent floods on the Missouri River. High water
caused chemicals in the hill to react and caused steam and sulfurous
fumes to rise from the cracks in the hills, Local residents feared

a volcanic eruption. On November 15, 1877, an earthquake in north-
east Nebraska was thought to be an impending eruption of Ionia 'vol-
cano.' Early in 1878, a raging flood on the Missouri severely damaged
the small town of Ionia, from which the bluff got its name, and
washed away a large section of the hill. The river now flows some
distance from the base of the bluff, so it no longer releases steam
and gases. All that remains of the town of Ionia which was relocated
up the bluff is a cemetery and the foundation of a school. This is

one of the several prominent features still identifiable.

205, Calumet Bluff, site of Gavins Point Dam, was the location of
a Lewis and Clark campsite from August 28 - August 31, 1804, while
they met with the Sioux Indians of this region. This bluff, too,
was a well-known landmark. The exact location of other Lewis and
Clark campsites located along the river would be almost impossible
to determine precisely, since the river channel has changed so much
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since 1804; nevertheless, the approximate locations can be deter-
mined. Indian traders and trappers followed soon after Lewis and
Clark, and the era of steamboats on the Missouri began a few years
later. By 1831, the steamers had traveled well beyond Gavins Point,
It was 1in this year that the steamer Yellowstone reached Fort Pierre,
South Dakota. Both sidewheelers and sternwheelers traveled this
portion of the river. Some became victims of the river either be-
cause of snags, ice, or fire. In this segment of the river there
were at least seven steamboat wrecks., By 1900, steamboat travel on

the Missouri was essentially a thing of the past. .

Recreation

206, Because of its nearness to major population centers, its areas
of accessibility, and its availability for year-round recreational
use, this segment of the Missouri River 1s a major recreational re-
Source. As a result, developed sites have become increasingly popu-

lar along most of the segment.

207, At present, the upper reach of this segment, the area just be-
low Gavins Point Dam, supports the heaviest recreational use., It
contains two major campgrounds having approximately 172 camp pads,

a large lighted fishing pier, approximately one mile of shoreline
for fishing, a 300-foot beach, and three boat ramps, All these

facilities are located on land administered by the Corps of Engineers.

208. Downstream from Gavins Point Dam, recreational use decreases
due to the decreasing amount of recreational facility development
and access points along the river. However, the South Dakota Game,
Fish and Parks Department and the Nebraska Game and Parks Commission
own parcels of land of recreational significance along this segment
of the Missourli River, the most important areas of these being Ponca

State Park, Nebraska, and Clay County State Recreation Area, South Dakota.

209, The South Dakota Game, Fish and Parks Department owns several
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parcels of land along the river which are set aside as game pro-
duction areas., One 18 located in the Audubon Bend area, 23 miles
downstream from Gavins Point Dam, This area of about 80 acres 1is
mostly timber, but also has a small boat-launching area at a road
end, About 32 miles downstream, another State area is located on
the river, This area has no boat-launching facilities and is mostly
in timber, 1In Union County, the Department owns another game pro-
duction area. This is located 46 miles downstream of the Gavins
Point Dam at Bolton Bend. Also in Union County the Department owns
the Clay County State Recreation Area. This park contains about

ten campspaces and pilcnicking and boat-launching facilities, The
Department also owns land providing public river access at Kelly Cove
on the James River about two miles upstream from its confluence with

the Missouri,

210, The State of Nebraska Game and Parks Commission owns Ponca
State Park at the downstream end of the study area, 54 miles down-
stream from Gavins Point Dam. This State park consists of 836 acres,
mainly of the forested bluffs in the area, with some accretion land
at their base where fishing and boating access is available. Facili-
ties here include a boat-launching area, approximately 300 camp pads,
picnic facilities, cabins, a large swimming pool, and a variety of

other recreation facilities.

211, County~ and city-owned land makes up the remainder of the public
access to this segment of the Missouri River. Cedar County, Nebraska,
offers public access to two locations. It has two boat ramps, omne

in the Cedar County Park, 11 miles downstream from Gavins Point Dam,
and the other on private land at the Sportsmans Steak House 25 miles
downstream from Gavins Point Dam, This boat ramp was constructed by
the county through an agreement with the landowner and is available

for public use,

212, The riverfront land owned by the City of Yankton, South Dakota
is used mainly for municipuil purpeses such as water and sewage
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treatment plants; however, public recreation facilities are included.
The facilities include a boat ramp, picnic tables and shelters, a

playground, and ball diamonds.

213. Current (1976) estimates of recreation use indicate a total of
about 950,000 recreation-days along this segnent of the river, Swim-
ming and fishing constitute the major uses, with 298,000 and 214,000
recreation-days, trespectively. Camping accounts for about 129,000
recreation-days, while hunting, pienicking, boating, and canoeing

account for an additional 309,000 recreation-days in total,

The Classification Process
214, After gathering relevant data on the study éegment o